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Introduction 


Modern Residential Wiring provides you with a solid background of electrical 
principles and practices, as well as a thorough understanding of National Electrical 
Code® requirements. Once having mastered the information given here, you will be 
well equipped to design and install modern, safe residential wiring systems that 
meet the electrical power demands of modern dwellings. 


Modern Residential Wiring covers not only the “how” but the “why” of safe 
electrical wiring practice. Although the content is concerned primarily with 
residential installations, many of the same concepts and principles may be ap- 
plied to commerical and light industrial electrical construction. 


Chapters are arranged in a logical sequence. The order of instruction follows 
the normal order in which the installation would be made. However, each chapter 
is designed to stand alone and may be studied independently to suit individual 
need. 


Modern Residential Wiring makes the study of electrical wiring easy. Even the 
most complicated procedures are simply explained and easy to understand. Pro- 
cedures are explained step-by-step while the many illustrations are fully integrat- 
ed into the easy-to-read text. The illustrations should be carefully examined as 
they will often clarify and explain the more difficult principles of electricity and the 
requirements of the National Electrical Code®. 


Persons using this book are advised to familiarize themselves with the National 
Electrical Code®. Certain tables in this book (credited to NEC® or National Fire 
Protection Association) are the property of that professional association and may 


not be reproduced without their permission. 
National Electrical Code® and NEC® are registered trademarks of the National 
Fire Protection Association, Inc., Quincy, MA 02269. 
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Information in this chapter will enable you to: 
e Explain the electron theory for current. 
e Explain conductors and insulating materials. 
e Define and explain the difference between 
direct and alternating current. 
e Describe the makeup of an electrical circuit. 
Tell the difference between series and parallel 
circuits. 
Explain electromagnetic induction. 
Discuss operation of electric motors. 
Demonstrate electric power transmission. 
Explain operation of transformers. 
Define basic electrical terms. 
Explain the need for electrical codes. 


According to the electron theory, all matter is 
made up of atoms. Each atom has a nucleus or 
center of protons (positively charged particles) and 
neutrons (neutral particles). Negative particles, 
called e/ectrons, orbit the nucleus. See Fig. 1-1. 
Electrons are attracted to the protons in the atom. 
This attraction keeps them in orbit. 


ELECTRON IN ORBIT 


Fig. 1-1. Basis of electricity is the atom which is the founda- 
tion of all matter. In some elements, such as metals, orbiting 
electrons can easily be made to leave the atom and travel. 
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There can be one or more electrons traveling 
around in any one atom and they can be at different 
distances from the nucleus in their orbital path. 

Electrons have the ability to travel. They may be 
made to leave one atom and move to another. 


FREE ELECTRONS 


In some types of matter, electrons are tightly 
bound to the nucleus and can leave only with great 
difficulty. In others the bond is so relaxed that mov- 
ing is easy. These electrons are called ‘‘loosely 
held’’ or “free.” 


ELECTRON TRAVEL 


Electrons (negative charges) pass readily out of 
the atoms of some substances. In other substances 
the electrons can travel only with much effort. 
Materials through which electrons pass easily are 
called conductors. Those where passage is difficult 
are called /nsulators. 

Pure metals, carbon and most liquids are excellent 
conductors. Among good insulators are dry gases, 
glass, rubber, mica, silk, and cork. 

According to the commonly held electron theory, 
metals conduct electricity well because they have 
a great number of loosely held or free electrons. In 
insulators there are few, if any, free electrons; thus, 
little or no electricity is conducted. 


EQUILIBRIUM 


If a negatively charged body is connected to a 
positively charged body by a conductor, such as a 
wire, the electrons will be attracted to the positive 
particles. Nature prefers everything to be neutral— 
equal numbers of positive and negative charges. As 
a result, electrons will flow from the negatively 
charged body to the positive one. See Fig. 1-2. This 
flow is called current. Even if two negatively 
charged bodies are connected in this manner, free 
electrons will flow from the body with the most 
electrons to the one with fewer. Flow will continue 
until equilibrium (balance) is reached. 
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CONDUCTOR 


POSITIVELY CHARGED 
BODY, DEFICIENT 
OF ELECTRONS 


NEGATIVE CHARGES MOVE 
FROM PLACE OF EXCESS 
TO PLACE OF DEFICIENCY 


NEGATIVELY CHARGED 
BODY EXCESS ELECTRON 
ACCUMULATION 


OR FROM NEGATIVE 
TO LESS NEGATIVE 


Fig. 1-2. Electrons will move from a body with an excess of 

electrons to a body with fewer or no electrons provided there 

is a path known as a conductor. This is also known as the Law 
of Static Charges. 


Bodies with different concentrations of free elec- 
trons are said to be at different potentials. There- 
fore, electrical potential is the ability to provide free 
electrons. In electricity, differences in potential are 
measured in vo/ts (V). 


TYPES OF ELECTRIC CURRENT 


There are two ways or methods of having elec- 
tric current flow. One way is called direct current 
(dc), the other, a/ternating current (ac). 

In direct current the electricity flows in one direc- 
tion only. Alternating current reverses its direction 
usually 60 times each second and is, thus, often 
called 60-cycle electricity or 60 hertz (60 Hz). 

A cycle is one complete electrical wave or vibra- 
tion. We will look at electrical waves in more detail 
later. 

Campers, automobiles, electric toys, flashlights, 
and the like, employ dc electricity, for the most part. 
House lights, appliances, electric tools, and other 
devices, normally operating from household elec- 
tricity, operate on ac. 


SOURCES OF ELECTRICAL ENERGY 


To maintain a flow of electrons or electricity it 
is necessary to have a source which is always at 
a greater electrical potential. That is, it always has 
an excess of free electrons which are ready to move 
along a conductor to where the electrical potential 
is less. The energy may be produced chemically, as 
with a battery, or mechanically as with a generator. 


BATTERY POWER 


A basic chemical device for providing electrical 
power is the voltaic cell. Fig. 1-3 shows a simplified 
cell made up of two metal rods suspended in a mild 
acid solution. The rods react chemically to the acid. 
Electrons on the surface of the copper rod are 
stripped away and travel to the zinc rod. Then the 
copper rod has fewer electrons and is positively 
charged. It becomes known as the positive pole or 
anode. The zinc rod has excess electrons and is 
known as the negative pole or cathode. 


uly 


SIMPLE 
VOLTAIC 
CELL 


ELECTROLYTE 


Fig. 1-3. A simple wet cell can store electricity as chemical 

solution. Conductors (wires) and light make this a simple cir- 

cuit. Wet cell is the forerunner of today’s flashlight batteries. 
Electrodes are two different metals, copper and zinc. 


It is common practice to group a number of cells 
in a single container. See Fig. 1-4. A group of cells 
is called a battery. A wet cell battery uses a liquid 
chemical. A dry ce// battery uses a somewhat dry 
chemical paste. The liquid or paste is called an e/ec- 
trolyte. A current will flow when the battery is con- 
nected to a circuit. 


GENERATOR POWER 


Batteries are just one of the ways to generate and 
drive an electrical current. A second method is with 
a generator. Driven by some mechanical force, 
this device creates differences in electrical poten- 
tial between two electrical poles. It moves electrons 
from one terminal and deposits them on the other 
terminal. This is accomplished through elec- 
tromagnetic induction. This process will be ex- 
plained later as we discuss generators and 
alternators. 
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CATHODE 


PLATES 


Fig. 1-4. Group of wet cells connected electrically and 
suspended in electrolyte is called a battery. It can supply a 
steady current of electricity. 


CIRCUIT (ELECTRICAL PATH) 


No electron flow will occur unless there is a 
pathway over which the electrons can move. In a 
water system the pathway is the piping which 
moves the water from storage to where it is used. 
In electrical wiring the pathway is called a circuit, 
Fig. 1-5. The circuit allows the electrons to flow 
through its conductors as long as the power source 
supplies electricity. A simple circuit will consist of 
the following elements: 

1. A power source. For a residence, the power 
source could be considered the electrical gen- 
erating stations. However, primary sources 
include small generators and batteries. 

2. Conductors (wiring) to provide a path for the 


LOAD 


SS 


CONDUCTOR 


TO 
POWER 
SOURCE 


Fig. 1-5. Simple electrical circuit includes a pathway (conduc- 
tors), power source, load (light) and a switch for controlling 
the current. 


Current so it can travel from one point to 
another. 

3. A load or loads. These are devices through 
which the electricity produces work. 

4. A device or devices for controlling current. In- 
cluded would be switches and fuses or circuit 
breakers. 


TYPES OF CIRCUITS 


The two basic types of electrical circuits are the 
series and parallel. A third, called a complex circuit, 
is a combination of the other two. 


Series circuit 


A series circuit is one in which only one path is 
provided for the current. The electricity must always 
flow through every device in the circuit. If one 
device is burned out the circuit will not function. 
Fig. 1-6 is a simple diagram of a series circuit. 

Except for switches and fuses or circuit breakers 
which are used to control electricity flow, series cir- 
cuity is not practical for residential wiring. A sim- 
ple example will explain why. Older Christmas tree 
lights were often wired in series. Current had to 
pass through every light bulb for the string of lights 
to work. If one bulb burned out all the lights went 
out. Finding which bulb was defective was a trial 
and error operation. Every bulb had to be removed 
and tested. Residential circuits are set up so that 
a nonfunctioning load will not stop electrical cur- 
rent in the remainder of the circuit. 


TO LAMPS 


POWER 


SWITCH 


Fig. 1-6. Simple diagram of series circuit. The three lights are 
wired into the circuit so that if one were not working the cir- 
cuit would be open and all lights would go out. 


Parallel circuit 


Like the series circuit, the parallel circuit has a 
complete path for the current to follow. The dif- 
ference in a parallel circuit is that there is more than 
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FROM 
SUPPLY 


BACK TO 
SUPPLY 


Fig. 1-7. Parallel circuit diagram. Note that each lamp is on 
its own electrical path. Should one burn out when the circuit 
is closed, the others would remain lit. 


one path for the current, Fig. 1-7. Each path goes 
to a load which can operate independently of the 
other branches and/or loads in the circuit. If one 
load, such as alamp, burns out, the other branches 
would continue to operate since a path still exists 
from one supply terminal through the circuit to the 
other supply terminal. 

Under normal conditions, another advantage of 
parallel circuits is that the current draw of each 
branch affects only that branch. It depends only on 
the resistance of the load in that branch. (In a series 
circuit, resistance in one load affects the rest of the 
loads on the circuit. Loads such as lamps, heaters, 
or motors might not operate properly. In fact, some 
loads, such as motors, could be severely damaged 
by too much voltage drop.) 

Except for switches and fuses or circuit breakers, 
all residential wiring is done in parallel. Figs. 1-8 and 
1-9 are examples of parallel circuits found typical- 
ly in housewiring. 


LOADS 


In electrical wiring, a load is any device that uses 
an electric current and converts the energy to 
another form. The devices include: 

1. Lamps or light bulbs. 

Resistances such as heating elements. 

Electric motors such as are used to drive tools 

or operate appliances. 

Radios, televisions and other 

devices. 
Each load is designed to operate at definite 
voltages. A voltage rating is given with every 
device. It is important that the device be operated 
at that rating. Otherwise, it can be damaged or 
destroyed. In some cases the entire circuit can be 
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BLACK 
“HoT” 


XN WHITE 


“NEUTRAL” 


SERVICE 
PANEL 


Fig. 1-8. Typical parallel circuit for 120 V housewiring for elec- 
trical outlets. Each outlet is connected to ground as well as 
to “hot” and ‘‘neutral’’ wires. 


GROUND 


SERVICE 
PANEL 


Fig. 1-9. A housewiring circuit supplying 240 V. The black 
and red conductors each supply 120 V to the outlet. 


damaged. This is an important reason why series 
circuits are not used in residential wiring. House cir- 
cuits are designed to handle a number of loads. 
Series wiring could result in drastic voltage drops 
while electricity moved from one load to the next. 


ELECTROMAGNETIC INDUCTION 


In a battery, chemical action displaces the elec- 
trons and produces the electron flow or current 
through a conductor. There is a mechanical method 
of doing the same thing using generators. 

Two men, Michael Faraday and Joseph Henry, 
working independently, discovered electromagnetic 
induction. By passing a wire conductor through a 
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magnetic field, Fig. 1-10, they could produce a flow 
of electrons in the conductor. They had induced the 
first electrical current using magnetism and created 
a generator. 

Electron flow occurs because they have been 
dislodged from their orbits around particles of mat- 
ter (atoms) and are attracted to where there are 
fewer electrons. If you were to fashion the conduc- 
tor into a loop (or coil) and rotated it between two 
magnetic poles you would have a crude generator. 
See Fig. 1-11. 


MAGNETS 


t 
A MAGNETIC 
WIRE MOVING FIELD 
THROUGH 
FIELD 


Fig. 1-10. Moving a conductor up and down between the 

poles of a magnet will displace electrons in the conducting wire 

and cause them to move through the conductor. This event 
is called electromagnetic induction. 


The strength or force of electron flow is called 
electromotive force or voltage. Generator voltage 
is determined by four factors: 

1. Number of turns of wire making up the conduc- 
tor coil or loop which is cutting through the 
magnetic field between the magnet poles. 


2. The speed of the conducting loop rotation. 

3. The strength of the magnetic field. This depends 
on the strength of the magnets. 

4. The angle at which the conducting coil cuts 


through the magnetic field. Voltage is at its 
greatest when the coil is moving at right angles 


LINES OF 
MAGNETIC FIELD 


ROTATING ARMATURE 
OR WIRE LOOP 


to the magnetic field lines of force. See Fig. 
1-12. Alternators operate in a similar manner 
except that they keep changing the direction of 
electron flow. 


GENERATORS AND ALTERNATORS 


As you have just learned, generators and alter- 
nators are rotating machines driven by some 
mechanical force. They use the electromagnetic in- 
duction principle to convert the mechanical force 
to electrical energy. There are ac and dc generators. 
The ac generator is usually called an alternator. 


DIRECTION OF INDUCED CURRENT 


Current from a spinning generator will always 
move in a direction determined by what is called the 
left hand rule for generators, Fig. 1-13. The rule 
says: If the thumb, forefinger, and middle finger of 
the left hand are held at right angles to each other, 
and the thumb is pointing in the direction the wire 
is moving, while the forefinger is pointing in the 
direction of the magnetic field (north to south) then 
the middle finger will point in the direction of the 
induced electron flow. This statement is also known 
as Fleming’s Rule. 


Alternating current generator 


The ac generator, or alternator, consists of several 
distinct parts. Each has a specific function: 
1. A coil or armature. This part rotates. It has the 
conducting wire which cuts across a magnetic 
field. The electron flow begins in this part. 


2. Nonmoving poles or opposite ends of field 
magnets. They create the magnetic field. In 
some generators, the poles are magnetized by 
a portion of the electrical current generated. 

3. Slip rings. These metal parts are always in con- 


tact with one of the terminals of the coil or ar- 
mature. 
brushes. 


They transfer the current to the 


FIELD MAGNET 


FIELD MAGNET 


Fig. 1-11. A simple generator of electricity. Rotating coil of wire has current induced in it as loop cuts a magnetic field created 

between the poles of the magnet. A—Straight-on view of generator. Voltage would be low with loop in this position. Wire would 

be cutting field at sloping angle. B—Perspective view showing loop cutting magnetic field at right angle. Voltage would be at 
its highest. 
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ANGLE OF ROTATION 


Fig. 1-12. Voltage produced by generator varies. Compare position of coil above with sine wave below. Peaks in wave represent 
points of highest voltage during one complete rotation cycle. 


DIRECTION 
OF WIRE 
MOVEMENT 


ELECTRON 


MOVES 
UP 


Py MAGNETIC FIELD 


Fig. 1-13. Left hand rule for generators. If wire is moving in 

direction of thumb and the magnetic field is moving in the direc- 

tion of the forefinger (north pole to south pole), then electric 
current is in direction of the middle finger. 


4. Brushes. Two brushes transfer current from the 
slip rings to the external circuit. One is in con- 
tact with each slip ring. 


How ac generators work 


As the armature is turned, it cuts through the 
magnetic field created by the field magnets. Elec- 
trons flow through the wires of the armature. The 
electrons move into one of the slip rings, then to 
one of the brushes and, finally, into the external cir- 
cuit. See Figs. 1-14 and 1-15. 

Every half-turn, the electron flow reverses, 
following the generator rule. Then the electrons flow 
out to the external circuit through the opposite slip 
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ROTATION 
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FIELD 
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— 


BRUSHES 
TO CIRCUIT 


™“ ARMATURE 
OR WIRE LOOP 


Fig. 1-14. Basic elements of an alternator. Wire loop carries 
induced current. Electrons flow out one brush, through circuit 
and back in through other brush. 


NESE A 
Sn 2 
DIRECT CURRENT 
SOURCE 


AC OUTPUT 


Fig. 1-15. A commercia! ac generator (alternator) looks much 
different from the simple sketches you have seen. This unit 
uses some of the current it produces to magnetize the field. 
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ring and brush. This creates the reversal of electron 
flow which accounts for alternating current. 

The speed at which the generator is turned deter- 
mines the frequency of the current. One complete 
turn is called a cycle, Fig. 1-16. It produces 1 hertz 
(cycle) of current. In the United States, alternating 
current is 60 hertz (Hz). It produces 120 changes 
of current direction per second. This happens so 
rapidly that the changes cannot be detected as 
flicker in an electric light. 


aie ROTATION ANGLE 
VOLTAGE 
0 


ALTERNATING CURRENT CYCLES 


Fig. 1-16. A cycle of alternating current is one complete 

revolution of the alternator. It is represented on the sine wave 

as the wavy line shown. The curve above the centerline 

represents voltage in one direction while the curve below the 

line represents voltage in the opposite direction. Voltage falls 

to zero momentarily just as the conducting coil is moving 
parallel to the magnetic field. 


THE DIRECT CURRENT GENERATOR 


The dc generator is similar in construction to the 
alternator except that the two slip rings are replaced 
by one split ring or commutator. The two segments 
of the commutator are connected to the two ends 
of the armature, Fig. 1-1/7. 


FIELD 
MAGNET 


BRUSHES 
CONNECT 
TO CIRCUIT 


ARMATURE 


COMMUTATOR (SPLIT RING) 


a 


As the armature rotates, an alternating current 
is set up in the coil exactly as in the alternator. 
However, because the segments of the commutator 
change brushes every half-turn, the ac of the coil 
is changed into a pulsating dc in the external cir- 
cuit, Fig. 1-18. 


VOLTAGE 


DIRECT CURRENT CYCLES 


Fig. 1-18. Typical dc current pulsates as shown in the wave 
pattern. Dotted line shows where the sine curve would go if 
it were alternating current. 


Single- and three-phase electricity 


An ac generator may produce either single-phase 
or three-phase electric power. A generator with a 
single armature coil produces single-phase voltage. 
To produce three-phase voltage the generator must 
have three armature coils on its stator. (The stator 
is the part of a generator which does not rotate.) 

Coils of a three-phase generator are located ex- 
actly 120 degrees apart. As the rotor spins, voltage 
is created at three different intervals during each 
turn of the rotor. The separate currents are 120 
electrical degrees apart in time. 

Household power is produced as single-phase cur- 
rent. Three-phase current is used in industry where 
heavy use is made of electricity. It is very necessary 

SPLIT RING 


lian COMMUTATOR 


ROTATION 
——> OUTGOING 


INCOMING 


FIELD 


MAGNET 


as 


ROTATION 


B —— OUTGOING 


Fig. 1-17. If you look at simple dc generator you can see why current always flows in same direction. A—Each end of armature 
coil connects to different half of split-ring commutator. B— As current reverses in the armature, opposite sides of split-ring com- 
mutator contact the brushes so current flows through brushes in same direction as before. 
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where there are many motors. Three-phase motors 
are simpler, less expensive, and more powerful than 
single-phase motors. Power plants like to generate 
three-phase power because it is easier to transmit 
over long distances. 


TRANSMISSION OF ELECTRIC POWER 


Electrical power is generated by large power sta- 
tions and sent out over long, high voltage conduc- 
tors to be used in factories, schools, offices and 
homes. See Fig. 1-19. So that it can be transmit- 
ted more easily and economically, voltage of 
generated power is stepped up to a higher voltage 
as it leaves the power station. It must be carried 
to different points, redistributed, and stepped down 
to lower voltages so it can be used. This requires 
transformers and substations. 

Most electrical power is stepped up to 132,000, 
238,000, or 750,000 volts at the power station. 
It is sent out to substations over high voltage cable. 
Here step-down transformers reduce it to lower 
voltage for further distribution. Before being brought 
into households, it is further reduced to 120 and 
240 V, Fig. 1-20. 


TRANSFORMER PRINCIPLES 
A transformer is a device which transfers elec- 


trical energy from one circuit to another without 
benefit of a direct mechanical link. It uses elec- 


CNA 
ny TURBINE 


ELECTRIC 
GENERATOR 


Fig. 1-19. Electric power used in residences is generated in power stations and transmitted over long 
distances through high voltage lines. Before it is brought into a home voltage is reduced to 240 or 120 
(NSTI) 


volts. 


TRANSFORMER 


ra 


Fig. 1-20. A 240/120 V step-down transformer. This type 
is used to reduce voltage to levels that can be used in 
households. 


tromagnetic induction principles to increase or 
decrease voltage between an electrical power 
source and its load. 

Basically, a transformer is made up of two coils 
of wire wrapped around an iron core, Fig. 1-21. 
There is no connection between the two coils of 
wire. Each is linked to a conductor or different 
circuit. 


TRANSMISSION LINES 
g = 


sy ; ——— 
Se SA 138,000- p= 


HOME USER 


120 V 12,500 V 


STREET LIGHTS 


DISTRIBUTION 
TRANSFORMER 
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2 WIRE PRIMARY 


120 V/240 V 


TRANSFORMER 
(INTERNAL VIEW) 
FOR RESIDENTIAL 
SERVICE 


LOW SIDE 


3 WIRE SECONDARY 


Fig. 1-21. Simple diagram of a transformer. Coil of wire from 
primary side creates a magnetic field. A current is induced in 
the secondary coil at a different voltage. 


The coil that is part of the circuit hooked up to 
the power source side is called the primary coil. The 
coil linked to the load side is called the secondary 
coil. The core of the transformer is made up usually 
of laminations of iron. The coils are held close to- 
gether so that a magnetic field is set up between 
them. This magnetism is induced by the current 
flowing through the primary coil. 


How transformer coils change voltage 


Voltage into and out of a transformer is directly 
related to the number of turns of wire in the coils. 
lf there are more turns in the secondary coil than 
in the primary, the voltage out will be greater than 
the voltage in. Such a transformer would step up 
(increase) voltage coming from the power source. 
Suppose that the incoming electrical power were 
at 110 volts on a transformer which has 100 turns 
on the primary coil and 600 turns on the secondary 
coil. The secondary has six times as many turns as 
the primary. Therefore, the output voltage will be 
six times greater. Six times 110 V = 660 V. 

In a step-down transformer the secondary (out- 
put) coil has fewer turns than the primary (input) 
coil. Therefore, the input voltage is greater than the 
output voltage. 


ELECTRIC MOTORS 


Electric motors, Fig. 1-22, are like generators. 
They transform one kind of energy to another. 
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Whereas generators convert mechanical energy to 
electrical energy, electric motors change electrical 
energy to rotating mechanical energy. 

A dc motor is constructed exactly like a dc 
generator. Rotation takes place when the polarity 
of the armature is in opposition to the poles of the 
field magnet. In other words, like magnetic poles 
in the motor repel each other to start the rotation. 
Constant shifting of the magnetic polarity keeps the 
motor spinning. 


MAGNET 


MAGNETIC 
FIELD 


BRUSH 


COMMUTATOR 


TO SOURCE 


Fig. 1-22. A dc motor is constructed in the same way as a 
dc generator. 


Motors which operate on ac are somewhat dif- 
ferent in construction but their operation is similar. 
They will be discussed in a later chapter. 


MEASURING ELECTRICITY 


Measuring electricity is essentially finding out 
how much, how fast, and with what force the elec- 
tricity goes through something. The terms or units 
used to measure electricity are amperage, voltage, 
resistance, and wattage. 

The full definition of these terms is vital not only 
to measuring electricity but to understanding its 
very nature. 


AMPERAGE 


The rate at which electricity flows is called the 
amperage. Technically, the number of electrons 
passing a given point in an electric conductor is 
directly related to the amperage. One ampere, 
the basic unit of amperage, is equivalent to 
6,240,000,000,000,000,000 electrons going 
past a given point in one second, Fig. 1-23. 

However, as already stated, we may consider 
amperage as the rate of electron flow. The units of 
amperage are simply called amperes or ‘‘amps,’’ ab- 
breviated A or I. 
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PASSING THIS POINT ARE 
6,240,000,000,000,000,000 ¢ = 1 AMPERE 
ELECTRONS EVERY SECOND 


Fig. 1-23. Measuring one ampere. 


VOLTAGE 


The pressure that moves electrons through a con- 
ductor is called vo/tage or electromotive force. lts 
unit of measure is the volt (V). Most residential wir- 
ing is rated at 120 and 240 volts. Electromotive 
force is also abbreviated EMF or simply E. 


RESISTANCE/OHMS 


The opposition to the flow of electrons through 
a conductor is called resistance and is similar to fric- 
tion. This electrical resistance is measured in units 
of ohms (Q). Like other forms of friction, it is respon- 
sible for creating heat and consequent loss of 
power. All devices that utilize electric power are 
forms of resistances. Often we use the symbol R 
to mean resistance. 


WATTAGE 


Wattage refers to the amount of power derived 
from an electrical device or system. It is, in a 
sense, the most important product obtained from 
electrical energy. It is this power that we wish to 
put into use. It is for this reason that electrical 
energy is sold to us by the power company in 
amounts measured in watts (W), watt-hours (Wh), 
or kilowatt-hours (kWh), the units of electrical 
power. To determine the wattage of any given 
device or electrical system, we must know the 
amperage and voltage, since watts or volt amperes 
= volts x amps. 

Wattage and horsepower (hp) are also related. 
One horsepower or 550 foot-pounds/sec., is 
equivalent to 746 watts. 


ELECTRICAL CODES AND 
SAFETY STANDARDS 


The most informative and authoritative body of 
information concerning electrical wiring installation 
in the United States and perhaps the world, is the 
National Electrical Code® . It establishes a set of 
rules, regulations, and criteria for the installation of 
electrical equipment. Compliance with these 
methods will result in a safe installation. 

It is drafted by a team of experts assembled for 
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this purpose by the National Fire Protection Associa- 
tion (NFPA). This team is formally called the National 
Electrical Code committee. They revise and update 
the NEC every three years. It is imperative that any 
person wishing to do electrical wiring obtain and 
study the NEC. For a copy of the Code, write to: 
NFPA, Batterymarch Park, Quincy, MA 02269. 

Throughout this text we will refer to articles and 
sections of the Code. We quote certain portions, 
tables and examples directly from its text. The terms 
we use—NEC and Code refer to this body of 
information. 


STATE AND LOCAL CODES 


Although the NEC, itself, has no legal basis, it is 
often made mandatory under local or state rulings. 
In such cases it becomes a legal document. 


CODE ENFORCEMENT 


Article 80 of the Code grants full power to the local 
inspection authority to interpret and/or modify mean- 
ings and intentions of the NEC. 

For this reason, the local inspector should be con- 
sulted whenever a question of methods or materials 
arises. 

Almost every state, region, or locality has some 
sort of electrical code. Many use the NEC in whole 
or in part. Further, some communities add regula- 
tions beyond those outlined in the NEC. 

An electrician must be familiar with these codes 
also. Failure to do so will most probably result in 
violations and an inspection failure. 


INSPECTION, PERMITS, AND LICENSING 


In many areas, permits and licensing are required 
to do electrical work. In such areas, the utility com- 
pany requires that permits be obtained and the work 
be done by or under a licensed electrician before 
they will furnish power. Contact the electrical in- 
spector or power company supervisor for informa- 
tion pertaining to permits and licensing. 


EQUIPMENT TESTING AGENCIES 


There are many recognized testing agencies 
throughout the U.S. and Canada. These agencies 
test materials and equipment submitted to them by 
electrical material manufacturers, Fig. 1-24. If the 
materials and equipment submitted measure up to 
the testing agencies’ expectations, then they are 
listed as suitable for electrical installation. In addi- 
tion, the product will be labeled. It will bear a 
recognized emblem or sticker. 

Almost all reputable manufacturers of electrical 
materials and equipment submit their products for 


Electrical Energy Fundamentals 


Fig. 1-24. 
ment to ensure that the products are safe. (Underwriters 
Laboratories, Inc.) 


Engineers test electrical appliances and equip- 


testing. Products which are not listed, should be 
avoided. In fact it violates the Code to use an 
unlisted product when there are listed ones 
available. 

The most widely known testing agencies are: 
Underwriters Laboratories (UL), Canadian Stan- 
dards Association (CSA), and ETL SEMKO. 
Products listed by these and other testing agencies 
are sure to be well constructed and safe. See Figs. 
1-25 through 1-27 


OCCUPATIONAL SAFETY & HEALTH ACT (OSHA) 


First enacted in 1970, this law permits the 
Secretary of Labor to create and enforce health and 
safety standards to protect persons in all occupa- 
tions within the U.S. 

Everyone should become familiar with the various 
requirements, rules and regulations under this Act. 
The regulations can be obtained by contacting the 
Office of Information Services, OSHA, U.S. Dept. 
of Labor, Washington, D.C. These safety regula- 
tions are often more detailed than those of the NEC 
and, in some instances, supercede the Code rulings. 
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Fig. 1-25. UL label insures minimum safety requirements have 
been met. 


Fig. 1-26. CSA certification mark is applied to products which 
meet the Association’s testing standards. 
(Canadian Standards Assoc.) 


Listed 


Fig. 1-27. ETL SEMKO (formerly Electrical Testing Labora- 
tories) has been testing electrical products for over 90 years. 
(ETL SEMKO) 


When in doubt, consult the inspecting authority. 

New OSHA safety standards entitled ‘‘Design 
Safety Standards for Electrical Systems’’ became 
effective in the spring of 1981. 

These new standards update the previous OSHA 
standards on how electrical systems should be in- 
stalled. The overall object of these rules is to en- 
sure the safe use of electrical equipment by 
employees. In this respect, many of the new stan- 
dards cover only those portions of direct access and 
use by personnel. 

Consistent with previous OSHA requirements, the 
new rules follow closely those of the National Elec- 
trical Code. 

All persons involved in the electrical trade should 
become familiar with the new OSHA electrical stan- 
dards, which specifically address the following 
areas: 

1. Hazardous locations. 
2. Wiring methods, components & equipment. 


O eo cL E 
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Special systems. 

Specific purpose equipment. 
Wiring design & protection. 

Electric utilization systems. 

Definitions. 

General requirements. 


REVIEW QUESTIONS — CHAPTER 1 


1. Electricity is a formof — — SSS 
2. Substances which allow electricity to pass 
through them easily are caled — =, 
whereas those which block the electron flow 


are called 

3. The two types of electric current we use are 
called current and 
current. 


4. A grouping of chemical cells, called a 
——— „İs used as a convenient source 
of electric current and supplies only (alter- 
nating, direct) current. 


5. A— — is a pathway for electric 
current. 

6. Ina—— — ——— circuit current must go 
through every device in the circuit or it will not 
work. 

7. The circuit diagram shown is a (series, parallel) 
Circuit. 


o] 
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8. 


13. 


14. 


1S: 
16. 


(Indicate the most correct answer) An elec- 

trical load is 

a. An electric light bulb. 

b. Resistances such as a heat element. 

c. An electrical appliance. 

d. A radio or television. 

e. Any device that uses electric current. 

What did Faraday and Henry discover? 

In what important way do ac and dc 

generators differ? 

Explain Fleming's Rule. 

A transformer uses __  —Ž  — _—_—_—_—_7_ 
principles to increase or 

decrease voltage between an electrical power 

source and its load. 

An electric motor is much like a generator. 

True or False? 

Define each of the following terms used for 

measuring electricity: 

a. Amperage. 


b. Voltage. 
c. Resistance. 
d. Wattage. 


Watts = Volts x Amps. True or False? 
Why is the National Electrical Code important 
to an electrician? 


= Information in this chapter will enable you to: 
e Explain Ohm’s Law and give its formula. 
| e Apply the Law to resistance, voltage, and 
current. 
e Discuss various types of housewiring circuits. 


To understand circuit theory you must understand 
electrical resistance. Without it, electric current 
could create neither heat nor light. Georg Simon 
Ohn first explored resistance in 1827. He ex- 
pressed the relationship between current, voltage, 
and resistance: Current in a circuit is directly pro- 
portional to the voltage applied to the circuit and 
is inversely proportional to the resistance of the cir- 
cuit. This statement is called Ohm’s Law. This law 
can be applied to the entire circuit or to any part 
of the circuit. 


ELECTRICAL RESISTANCE 


Mathematically, the law takes on the following 
form: | = E | is the current measured in amperes. 
E is voltage or EMF, (electromotive force) measured 
in volts. R is the resistance in ohms. 

The resistances of electrical conductors vary 
widely, but, in general, depend upon four factors: 
1. The nature of the material. 

2. The length of the conductor. 
3. Their cross-sectional area (thickness). 
4. The temperature. 
The following sections discuss these factors. 


Nature of the material 


As you learned in Chapter 1, good conductors 
have a large number of free electrons that will travel. 
Generally, metals are better conductors than 
nonmetals. The best conductors are pure metals 
such as silver, copper and aluminum. The last two 
are widely used in electrical wiring. Alloys such as 
tungsten, nicrome, German silver, brass, and bronze 
have higher resistance. They heat up quickly as elec- 
trons flow and are often used in devices designed 
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to produce heat. 

Substances such as cotton, rubber, and plastic 
are extremely poor conductors and strongly resist 
the flow of electrons through them. Poor conduc- 
tors such as these make excellent electrical in- 
sulators and prevent electrons from straying from 
their appointed paths. This is why we often find rub- 
ber and plastic used as coverings for electrical 
wiring. 


Length and thickness 


All other factors being equal, the longer the elec- 
trical conductor, the greater its resistance to cur- 
rent. On the other hand, if electrons have a greater 
area through which to pass, they will come up 
against less obstruction and, therefore, less 
resistance. Generally, the thicker the wire, the less 
the resistance, Fig. 2-1. 

In most electrical applications, the area of a con- 
ductor is measured in circular mils, (CM). 

The circular mil is the cross-sectional area of a 
wire 1 mil or .001 in. in diameter. 

To compute the area of a wire in circular mils, we 
must change its diameter to mils. For example, a 
wire with a diameter of .250 in. would equal 250 
mils (.250 + .001). Then, we can find the wire area 
in circular mils by squaring the diameter: 

Area in circular mils = (Diameter in mils)? or 
250? 

A 62,500 Cmil or 62.5 Kcmil (one thousand 
circular mils). 


CONDUCTOR 


MOLECULES 


Fig. 2-1. It is much easier for free electrons to weave their 
way around molecules of a large conductor. 
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TEMPERATURE 


Because of their molecular structure different 
materials react differently to changes in 
temperature. As the temperature of metals rises, 
the resistance to current increases. Heat creates 
greater activity among the molecules and, thus, 
more friction or resistance. Therefore, as a wire 
heats up, its resistance increases greatly. In 
nonmetals, the reverse is true. 


CIRCUIT FUNDAMENTALS 


Electric circuits, as you learned in Chapter 1 con- 
sist of a source of emf (electromotive force, voltage) 
and one or more complete pathways of electron 
flow. Both de and ac require a definite pathway in 
order to be of any use. To keep the text sequence 
as simple as possible, we will restrict our present 
discussion of circuitry to that used primarily with 
direct current and the very simplest of alternating 
current circuits. Later we will expand our discus- 
sion to more complex ac circuits. 


THE SERIES CIRCUIT 


A series circuit, you will recall, has only one loop 
or path. When devices such as resistors are in 
series, they are placed one after another so that the 
current flows through all of them in succession. The 
three resistors illustrated in Fig. 2-2 are in series 
arrangement. 


A B C 


1 OHM (9) 


2 OHMS (N) 3 OHMS (2) 


6 VOLTS 


Fig. 2-2. A simple series circuit. It has three loads or resistors 
hooked up to a single loop. 


Series circuits follow certain rules which may be 
summarized as follows: 
1. The current (amperage) of a series circuit is the 
same throughout. By applying Ohm’s law, we 
can find the current in Fig. 2-2: 


v (Total voltage) 


es (Total resistance) 
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Therefore, 1 Amp is not only the total 
amperage, but the amperage flowing through 
each of the resistances. 

2. Total resistance is the sum of the individual 
resistances. Therefore, the total resistance of 
the series circuit, in Fig. 2-2, is 1 ohm + 
2 ohm + 3 ohm = 6 ohms. 

3. The voltage at the source is equal to the sum 
of the voltages at each of the resistances. Using 


Ohm’s law: 

Voltage of Resistor A = Amperage x Resistance A 
=1Ax10 
=1V 

Voltage of Resistor B = Amperage x Resistance B 
= 1A x 20 
=2V 

Voltage of Resistor C = Amperage x Resistance C 
= 1A x 3a 
=3V 

Total voltage = 1V + 2 NEN 

=6V 


4. A break anywhere in the circuit stops the elec- 
tron flow in the entire circuit. This is the main 
disadvantage of series circuits. 

5. Ohm’s law applies to any part of the entire series 
circuit. 


Example: Using the foregoing rules along with 
Ohm’s law, you can easily master series circuits. 
Fig. 2-3 is another series circuit. Find: 

a. The total resistance Rt. 

b. The amperage at the source, ls. 

c. The voltages of resistors V, and V3. 


Ra =30 OHMS 30 VOLTS 


10 OHMS 


R, = 20 OHMS 


Fig. 2-3. In this series circuit, find total resistance, amperage 
and voltage at the battery. 


Solution: 
a. Rt = Ri + R2 + R3 
= 20Q + 109 + 300 
Rt = 600 
b. Ik = E tota, = lh = Ile 
(Total amperage is designated It or Is) 


-_ 


Electrical Circuit Theory 


It 
Vi l x R, 
3A x 20Q 
60 V 
30 V (given) 
l3 x Rg 
=3A x 3002 =90V 
Check to see if the total voltage is equa/ to the 
sum of the individual voltages: 
Vt = It X Rt 
ZSA x 60W 
= 180 V 
V, + V2 + V3 = 180 V and 
60 V + 30V+90V = 180 V 


V2 
V3 


PARALLEL CIRCUITS 


As you learned in Chapter 1, a parallel circuit is 
an electrical circuit having two or more different 
conducting pathways. The term parallel, in elec- 
tricity, does not necessarily mean physically or 
geometrically parallel, but simply ‘‘a/ternate 
routes.” These parallel or alternate routes are best 
called branches. Parallel circuits are more commonly 
used in electrical circuitry for reasons which will 
become clear as we go on. Fig. 2-4 shows a sim- 
ple parallel circuit containing three resistances (20, 
30, and 60 Q). Arrows indicate the electron flow. 


Fig. 2-4. Parallel circuits provide numerous alternate routes 
for the electrons to follow. These routes, in residential wiring, 
are called branches. 


PARALLEL CIRCUIT RULES 


Like series circuits, parallel circuits follow certain 
rules: 
1. The voltage across all branches, loops, of a 
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parallel circuit are the same and are equal to the 
voltage at the source. As in Fig. 2-4, the voltage 
in each branch is 120 V. This is shown in branch 
B. Likewise, the voltage at the source is 120 V. 
Mathematically: source voltage = branch 
A = branch B = branch C. 
Vs = Va = Vb = Ve 
The total current (amperage) is equal to the sum 
of the currents flowing through each of the 
branches. Therefore, total amperage = branch 
A + branch B + branch C. 
It = la + Ib + le 
Using Ohm’s law, the current in the branch A 


- 120V _ . . 
is—5ġg — =8 A. The current in branch C is 


120 V = 2 A. When this is added to the 4 A of 


current (given) of branch B, total current is 12 A. 
The total resistance in a parallel circuit is the 
reciprocal of the sum of the reciprocals of the 
separate resistances in parallel. Now, before 
throwing up our hands, let us look at this 
mathematically: 

1 í 1 1 


R total R branch A a R branch B t R branch C 


Now use the resistance information from the 
circuit in Fig. 2-4: 
1 1 1 1 


R ~ 200 * 309 * 602 
Find a common denominator: 
0 AE eae 
Ri 600 60 Q 60 2 
= 2 a and finally, E eos = 106 


4. Ohm's law applies equally well to the total cir- 
cuit or any of the loops or branches. 


Esl xR 
A break or opening in any branch of a parallel 


circuit does not stop the flow of electrons to the 
remaining branches. 


5. 


SERIES PARALLEL COMBINATION CIRCUITS 


Practical circuits, for the most part, are far more 
complex than those just outlined. Quite often, 
resistances in a particular circuit are designed both 
in series and in parallel. When resistances are ar- 
ranged both ways in a single circuit, the circuit is 
called a network. 

Simple networks consist of a single source of 
emf. Some resistors are in series, and some are in 
parallel. A very simple network of this type is shown 
in Fig. 2-5. We will use this network to show the 
steps taken to simplify any network and thus reduce 
it to a much easier circuit. 

In the network shown, the emf is 12 V. The 
resistance of each component resistor is also given. 
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12 V 
EMF 


Fig. 2-5. A network, or combination series - parallel circuit, 
is a common type of electrical pathway employing the advan- 
tages of both. 


First, we need to find the total resistance. To do 
this we must reduce the parallel resistances into an 
equivalent single resistance, (Req), and add this 
resistance to the resistances arranged in series. 
Equivalent Resistance from parallel portion: 


fe fas 
Bey. RA R 

me i 1 

ys Ot, 2 920 

ee 1 

ae 2 ane 
Sl. 25m Req _ 1290 
Req. ae i oes 


Therefore, Req = 42 


Now add this resistance to R, 
Q = total Resistance 

Next, we may draw a simpler equivalent circuit 
showing the equivalent resistance /n series with R, 
and Ro. See Fig. 2-6. 

Having found the total resistance, and given the 
emf, we can find the total current through the cir- 
cuit using Ohm's law: 


and R: = 12 


EO 12V 
Ra mo ee 
Next, find the voltages across each of the 
resistors: 
VMO CIAR PROE 
Va shk Xha =] Ax 70] 7V 
Veq = ht x Req =1AxX40=4V 
This is verified by the fact that the emf or total 


voltage is equal to the sum of the various resistors 
in a series-arranged circuit. 

All that remains is to find the portion of the total 
current (1 ampere) that goes through each of the 
parallel-arranged resistors. (Remember, voltage is 
the same through both R; and Ra.) 


|, = Ned ON 
3 Ra 60 3 
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EQUIVALENT CIRCUIT, TOTAL R = 122 


Fig. 2-6. An equivalent circuit of Fig. 2-5. Ra and R, have been 
“‘reduced’’ to one resistance, “R equivalent.” 


Again, verification comes from the fact that the 
total current (1 ampere) is equal to the sum of the 
amperages through each branch of the parallel- 


arranged resistors. Thus, 1 ampere 4 + 
ampere. 

Considered as a whole, electrical circuits are 
mostly of the network type. The line or source 
voltage (supplied by electrical conductors entering 
the service meter and service entrance panel) is car- 
ried by means of wires across every device, ap- 
pliance and branch circuit. These are connected in 
parallel. 

Each of the parallel-arranged devices may be in 
series with others (but not necessarily so). This will 
become more apparent when later chapters discuss 
wiring of various devices. 


+ 


CIRCUITS SUMMARY 


Fig. 2-7 is a summary of the various circuits 
discussed in this chapter. It outlines the major 
characteristics of each type. Persons planning to 
become professional electricians should familiarize 
themselves with this basic knowledge of circuitry. 
Anybody could do certain electrical wiring without 
this information, but, in the long run, knowing how 
circuits act is of great benefit. Further, this infor- 
mation is essential to good electrical planning. 

Ohm’s law applies to any and all parts of a cir- 
cuit. Fig. 2-8 is a simple aid to remembering the law. 
Simply cover the part you wish to find and you 
discover what to multiply or divide by. Thus, to find 
E we multiply | and R; to find R, we divide E by |; 
to find | we simply divide E by R. 


ENERGY MEASUREMENT 


Electrical energy can be measured in units called 
joules (J). The unit is named after the English 
physicist, James Prescott Joule, who found the rela- 
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SERIES CIRCUIT-PARALLEL CIRCUIT NETWORK 


eo ec 


Resistance (R) 
Unit: Ohm 
Symbol: 0 


Rt R, SP R2 ar R3 
Sum of individual 
resistances 


Current (I) 
Unit: Ampere 
Symbol: A 


k=h=kh =h 
The same throughout 
entire circuit 


Et = Ey + E; + Es 
Sum of individual 
voltages 


Voltage (E) 
Electromotive Force (emf) 
Unit: Volt 

Symbol: V, E 


Network 


Parallel Circuits 


Total resistance equals 
resistance of parallel 
portion and sum of 
series resistors 


Ik = 14+ I + Is Series rules apply to 
Sum of individual series portion of circuit 
currents Parallel rules apply to 


parallel part of circuit 


Total voltage is sum 
of voltage drops across 
each series resistor 
and each of branches of 
parallel portion 


Et = E = E = Es 
Total voltage and 

branch voltage are 
the same 


Fig. 2-7. Characteristics of electrical circuits can be summarized as shown. 


Fig. 2-8. This drawing is an easy way to remember the 
mathematical relationships of Ohm’s law. It will tell you when 
to multiply or divide. 


tionship of electrical energy to heat production. This 
relationship is known as Joule’s Law: Electrical 
Energy (joules) = E x | x t. E is electromotive 
force or volts; | is current or amperage, and t is time 
in seconds. One joule equals one watt per second 
or 0.7376 foot-pounds or 0.24 calories. 


POWER 


Power is the rate of doing work. In electricity, this 
rate is measured in watts (W) or volt-amperes (VA). 
To determine the amount of electrical power for a 
simple circuit, multiply the voltage by the current. 
Power equals volts x amperes. 

Electrical power and mechanical power are close- 
ly related. This makes sense since it is easy to 
transform one into the other. In fact, 1 horsepower 
(hp) is the same as 746 W of electrical power. 

Because watts are relatively small units, it is 
sometimes simpler to speak of kilowatts or 
megawatts (kilo means 1000 and mega means 
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1,000,000). A kilowatt (kW) is 1000 W. One 
megawatt (MW) is 1,000,000 W. 

Electrical energy and power are measured in 
power-time units. The kilowatt-hour (kW-hr) is con- 
ventionally the unit used. A kilowatt-hour is 
equivalent to 1000 W being used for a 1 hour 
period. 

The cost of a kilowatt-hour varies, but averages 
around 5.5 cents. The rate is ‘‘stepped”’ so that the 
more you use, the less the cost per kilowatt-hour. 
Power, amperage, resistance and voltage can be 
related mathematically using the formulas in Fig. 
2-9. Fig. 2-10 shows typical power ratings for com- 
mon household electrical devices. 


i] 
P=Exl l EA E E 
I Z (impedance) 
P= PR 
k i ae 
-R i | = 


1 horsepower = 746 watts 


= 


POWER 
(WATTS) W 


CURRENT 
(AMPS) A 


RESISTANCE, VOLTAGE 
(OHMS)Q@ | (VOLTS) V 


pE E 


E = | x Z (impedance) 


= EF NE 
Roe EST 
ee : E = VAP 
l I P 
ES 2. ee 
R= E I |x Power factor 
l 


Fig. 2-9. Mathematical relationships of power, amperage, 
resistance, and voltage are shown with this memory aid. 
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| 
POWER 
UNIT IN WATTS 
Air Conditioner j 1200 — 
Clock 3 


Dishwasher 2000 
Freezer 500 
Fryer, deep fat 1200 
Iron 1000 


Projector 
Range, electric 15,000 
Rotisserie 1600 


Sewing Machine 
Television 
Vacuum 


ae 
Washing Machine 

Water Heater 
Waffle Iron 


B —— 


Fig. 2-10. Power requirements of different domestic 
appliances. 


REVIEW QUESTIONS — CHAPTER 2 


Ohm's law relates resistance, 
and 
Certain insulators, suchas_ =, 
and___ sss are used as Wire cover- 
ings because of their high to 
electron flow. 

A certain series circuit has a current of 2 
amperes. What is the source voltage, if the 
total resistance is 6 ohms? volts. 
Which of the following graphs would best ex- 
press the correct relationship of resistance to 
other conductor characteristics: 


of electrical circuits. 


MOAZPAMN-NOMD 
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10. 


—— r 
CONDUCTOR DIAMETER 
(A) 


moaZzrawn—-omyD 


ee 


CONDUCTOR TEMPERATURE 
(B) 


What is the total amperage of a parallel circuit 
having a total resistance of 12 ohms and a 
source voltage of 24 volts? 
Ohm's law applies to series, parallel and net- 
work circuits. True or False? 

Power is the rate of doing work. True or False? 
Electrical energy is measured in units called: 
Joules. 

Watts. 

Horsepower. 

Kilowatt-hours. 
kilowatt, kW, is the same as: 

10 watts. 

100 watts. 

1000 watts 

10,000 watts. 


None of these. 
Which of the following is the largest consumer 


of electrical power? 

A clock. 

A television. 

A sewing machine. 
An electric range. 


207% PQ0To 


Information in this chapter will enable you to: 
e List and describe electrical circuit com- 
ponents. 
e Discuss the sizing system for conductors. 
€ Compute voltage drop in a conductor given 
current value and conductor size/length. 


For all practical purposes, only copper and aluminum 
are used in residential and commercial wiring, Fig. 3-1. 
They are low cost and have low resistance to current. 
Refer to Articles 300 through 310 in the National 
Electrical Code for general conductor information. 

Copper is the most common conductor material 
for electrical wiring. It is strong and resists oxida- 
tion (corrosion). Aluminum also has good conduc- 
tance. However, it is subject to problems as a result 
of oxidation and expansion. Proper preparation is 
critical to its use. 

Before using aluminum you should consult the 
NEC and any local codes. Questions about its use 
should also be directed to the local inspector. Local 
codes may have restrictions against its use. 


WIRE SIZES 


The size and type of wires to be used vary great- 
ly. It depends on the amount of electricity they must 


Fig. 3-1. Copper and aluminum are the only practical metals 
for electrical conductors. 
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conduct, how far they are to conduct it, and in what 
type of situation (location) they are to be placed. 
In fact, whether or not a wire is to be insulated or 
covered with a nonconducting substance depends 
upon its application. Except in rare instances, wire 
carrying alternating current is insulated. 
Discussion of wire sizes is limited to copper wire. 
For aluminum, always figure two sizes larger. 
Fig. 3-2 shows the diameters of the most com- 
monly used copper wires. Sizes are designated by 
number, Fig. 3-3. The larger the wire number, the 
smaller its diameter. Wire Nos. 8 and up are either 
solid or stranded. Wire Nos. 6, 4, 2 and down are 
always stranded. The standard for wire sizes is 
called the American Wire Gauge (AWG). Wire size 
is important for two reasons: 
1. Ampacity. This is safe current carrying 


8 


10 


12 


14 


a, 
4 ‘ 
8 
FOR BRANCH 
10 CIRCUITS 
12 
ig 
14 
18 
16 
18 20 
20 
FOR BELL, 
THERMOSTATS, 
FOR INCOMING AND CORDS 
POWER 


Fig. 3-2. Copper wire sizes shown with insulation. Where 


alternating current is used, wires are usually insulated. 
(GE Wiring Devices Dept.) 
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AMERICAN 
STANDARO 


WIRE GAUGE 
2281 


Fig. 3-3. Sizes of wires can be determined by use of a wire 
gage such as this. Wire size is marked on the insulation for most 
electrical wire. 


capacity of the wire and its consequent heat 
dissipation (shedding) ability. 

2. Voltage drop. This is the loss of electrical 
pressure (voltage) due to resistance when trying 
to force the electrons long distances or through 
too small a cross-sectional area. 


FIGURING VOLTAGE DROP 


To compute voltage drop in a single-phase, two or 
three wire system, use the following equation: 


VD=2xLxRxlI 
1000 


Where VD = voltage drop in volts 
L = length of conductor in feet 
R = resistance of conductor in ohm/kFT, 
from NEC Chapter 9, Table 8 
| = amperage in amps 


For example, the voltage drop of 50 ft. of AWG 10 
coated copper conductors carrying 30 A would be: 


VD=2xLxRx\|l 
1000 


= 2x 50 x 1.26 x 30 
1000 


= 3.78 volts (approx. 3.1 percent of 120 volts) 


Thus, the actual voltage of this conductor at the 
device is 120 — 3.78, or roughly 116.22 V. In this re- 
spect, not only is wire size (cross section) important, 
but its /ength as well. 

Except for service wires, most branch circuit 
wires range from No. 14 AWG to No. 10 AWG. Of the 
insulated types, No. 12 AWG is the most common. 


WIRE COVERINGS (INSULATION) 


Bare or uninsulated wire is rarely used for current- 
carrying applications. In almost every instance, in- 
sulated or covered wire is needed. Usually, type 
THW, THHN, or TW within cable or conduit is used 
for housewiring, Fig. 3-4. These conductor cover- 
ings are suitable in either wet or dry locations. 


THERMOPLASTIC 
COMPOUND 
INSULATION 


COPPER 
CONDUCTOR 


Fig. 3-4. Type TW wire is a common electrical conductor. 


The most common coverings for wire used in 
electrical wiring are plastic or rubber. They are ex- 
cellent nonconductors of electricity. In addition, 
these insulated wires are most often covered or pro- 
tected by substances such as braiding, jute, paper, 
more plastic, or metal. See Figs. 3-5 and 3-6. 


INSULATION 


BARE 
GROUND WIRE 


OUTER COVERING 


Fig. 3-5. Type TW wires embedded in a moisture and fungus 
resistant plastic outer jacket, form a durable electrical cable. 


Fig. 3-6. There are numerous conductor types and coverings 
used in the trade today. 
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A list of the various types of conductor insula- 
tion is provided in Fig. 3-7. Once again, the type 
of wire used depends upon the situation and/or en- 
vironment where the wire is to be placed. Fig. 3-8 
is a short list of insulated conductor types and some 
conditions under which they may be used. 

The NEC defines the various environments: 

1. A dry location is one not normally damp or wet. 
2. Adamp location includes partially protected loca- 
tions like under canopies, open porches. Also, 
indoor locations subject to moderate degrees of 
moisture (barns, some basements, warehouses). 
3. Wet locations include in-ground or in concrete, 
or other spots likely to be saturated with water. 


INSULATED WIRE COVERINGS 


Thermoplastic TW, THW, 
Compound TBS, THHN 
Thermoplastic and 
Asbestos 
Silicone and 
Asbestos 


TA 
SA 
Varnished V 
Cambric 
AVA, AVL, AVB 


Fig. 3-7. Type of covering on conductors is often indicated 
by its letter designation. 


Asbestos and 
Varnished Cambric 


CONDUCTOR APPLICATION 


Temperature Maximum 
Wire Type Apply Where AE (°F) 


Dry/Damp 75 (167) 
Dry/Damp 90 (194) 
Dry/Wet 75 (167) 
Dry/Wet 60 (140) 
Dry/Damp 90 (194) 
Dry/Wet 90 (194) Under Special 


Conditions 


Dry/Wet (167) 


Dry/Damp 90 (194) 
Wet 75 (167) 
Dry 90 (194) Under Special 


Wet 
Dry/Damp 


250 (482) Conditions 


90 (194) For Special 
125 (257) Applications 


Dry/Damp 90 (194) 
Dry 85 (185) 
Dry 110 (230) 
Dry/Wet 110 (230) 


Dry (194) 


Fig. 3-8. An insulated conductor is made for every type of 
temperature and humidity condition where electrical wiring 
is needed. See NEC Table 310.13. 


CONDUCTOR MARKINGS 


The NEC requires that all electrical conductors be 
suitably identified. This is accomplished by mark- 
ing the conductor covering. The marking, Fig. 3-9, 
will indicate: 

For all conductors: 

1. AWG size. 

2. Insulation type. 

3. Voltage rating (maximum). 

4. Testing agency (UL, CSA, etc.) approval. 
For cable: 

5. Number of conductors. 

6. Outer finish or covering. 


NUMBER OF WITH OUTER 
CONDUCTORS ia COVERING ES 
moe me Mao 


AWG TESTING AGENCY 
SIZE APPROVAL 


Fig. 3-9. Cable type is marked on the covering. 


INSULATION COLOR 


Color coding of insulation on conductors is also 
used to identify wiring, Fig. 3-10. The general col- 
oring scheme is: 

1. For current carrying conductors, use black, red, 
blue, and yellow usually in that order. 

2. For neutral wire, white or natural gray. 

3. The grounding conductor or ground wire may 
be bare, green, or green with yellow stripes. 


YELLOW C 
RECOMMENDED | BLUE 
HOT 
COLORS RED 
BLACK 


REQUIRED 
NEUTRAL OR < “on 


GROUNDED RSA 
COLORS 
BARE 
REQUIRED CREEN 
GROUNDING GREEN 
CONDUCTOR WITH 
COLORS YELLOW 
STRIPE 
FIVE FOUR CONDUCTOR TWO 


CONDUCTOR CONDUCTOR CONDUCTOR 


NOTE: THROUGHOUT THE TEXT WE OFTEN REFER TO THE HOT, UNGROUNDED CON- 
DUCTOR AS THE BLACK OR RED WIRE. KEEP IN MIND, HOWEVER, THAT THE 
UNGROUNDED CONDUCTOR MAY BE ANY COLOR OTHER THAN THOSE SPECIFIED 
AND REQUIRED FOR THE NEUTRAL OR GROUND WIRE. 


Fig. 3-10. Color coding of insulation indicates for what pur- 
pose each conductor is to be used. 
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PROTECTIVE DEVICES 


All electrical circuits must have some sort of safe- 
ty device. The purpose of the safety device is to pre- 
vent the circuit from being stressed or overloaded. 
Fig. 3-11 shows allowable maximum amperages for 
wires sizes from No. 14 to No. 4/0. Electricians 
should refer to NEC Table 310.16 for details. 

Overcurrent in a conductor could cause serious 
damage to the covering. The conductor could then 
become a serious hazard to anything or anybody 
coming in contact with it. 


MAXIMUM AMPACITY ALLOWANCES OF INSULATED 
COPPER WIRE 


60°C (140 °F) 


75 °C (167 °F) 
Types: FEPW, RH, RHW, 
THHW, THW, THWN, 
XHHW, USE, ZW 


Wire Size 
(AWG) 


‘Load current rating and overcurrent protection shall NOT exceed these figures. 

*For 3-wire, single-phase residential services, the allowable ampacity of RH, RHH, RHW, 
THW and XHHW Copper Conductors shall be for sizes no. 4-100 amp., no. 2-125 amp., 
no. 1-150 amp., no. 1/0-175 amp., and no. 2/0 -200 amp. 


Fig. 3-11. Ampacity is the current load a conductor is allowed 
to carry. NEC sets safe load-carrying ability of different size 
conductors. 


Overcurrent protection devices include fuses and 
breakers, Fig. 3-12. Both are manufactured in 
various shapes and sizes, but are all designed to do 
the same thing: stop the flow of current should it 
exceed safe limit. 

All fuses and breakers are rated in amperes. The 
rating must not be greater than the overall capaci- 
ty of the circuit being protected. 


CIRCUIT PROTECTION 


Electrical circuits are often prey to destructive and 
dangerous currents. This can be caused by 
overloads and short-circuits, brought on by any 
number of factors that can damage the circuit. Pro- 
tection of the circuit against such damage is 
essential. 


OVERLOADS AND SHORT-CIRCUITS 


Overcurrents in the form of overloads and/or 
short-circuits are defined as currents in excess of 
the normal current for a given circuit. Overloads are 
overcurrents that can range between two and ten 
times the normal current, but are confined and con- 
tained within the normal electrical pathways. 

Short-circuits are relatively large overcurrents that 
may exceed the normal current by hundreds of 
times and flow between the circuit conductors and 
other objects outside the circuit. Any overcurrent 
is potentially destructive to equipment and 
dangerous. 


PROTECTIVE DEVICE RATING 


Protective devices— fuses or circuit breakers — 
must be adequate to withstand overcurrents, par- 


Fig. 3-12. Various designs of fuses and circuit breakers are available for overcurrent protection. 


(GE and Leviton Mfg. Co., Inc.) 
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ticularly those created by short circuits. Each device 
has a limit at which it will stop current. This is call- 
ed the interrupting rating. The interrupting rating of 
most circuit breakers ranges between 10,000 and 
20,000 AIC. Fuse ratings are generally around 
200,000 AIC. (The abbreviation AIC means 
"amperage interrupting capacity.’’) 

Naturally, this is much larger than the normal cur- 


1.16 Guide For Sizing Fuses 
General guidlines are given for selecting fuse ampere ratings 
for most circuits. Some specific applications may warrant other 
fuse sizing; in these cases the load characteristics and appro- 
priate N.E.C. sections should be considered. The selections 
shown here are not, in all cases, the maximum or minimum 
ampere ratings permitted by the N. E. C. Demand factors as per- 
mitted per the N.E.C. are not included in these guidelines. 


| Fuse Recommendations 
601 to 6000A HI-CAP Time-Delay Fuse KRP-C 
1/10 to 600A LOW-PEAK Fuses LPN-RK (250V) 


LOW-PEAK Fuses LPS-RK (600V) 


or 
FUSETRON Fuse FRN-R (250V) 
FRS-R (600V) 


FUSE FEEDER FEEDER FEEDER 
GREATER WITH AND WITH 
Than NO ALL MOTOR COMBINATION 
600 Amps MOTOR LOAD MOTOR AND 
NON MOTOR 
a2 SS] === = LOAD 
| 7 
| | 
MOTOR | | 
STARTER | | 
OVERLOADS | | 
RELAYS | | 
| | 
| | 
| | 
Large | | 
Motor | | 
| | 
| | 
| | 
| | 
| | 
| | 


For full explanation for 
motor branch circult 


see section 3. 
CONTINUOUS NON- CONTINUOUS 
LOADS CONTINUOUS LOADS 
LIGHTING LOADS 


HEATING 


rent rating of the fuse or breaker. Normal rating is 
the current it is designed to carry under normal 
operating conditions (15, 20, 30 or 60 A etc.). 
All overcurrent protective devices are labeled as to 
their normal current rating and maximum or inter- 
rupting rating. 

Guides for properly sizing fuses are found in Fig. 
3-13 and in Article 240 of the NEC. 


Dual-Element Time-Delay Fuses 
(LOW-PEAK or FUSETRON). 


1 Main Service. Size fuse according to method in 4 | 
2 Feeder Circuit With No Motor Loads. The fuse size must | 
| 


be at least 125% of the continuous loadt plus 100% of the non-con- 
tinuous load. Do not size larger than ampacity of conductor’. 


3 Feeder Circuit With Ali Motor Loads. Size the fuse at 
150% of the full load current of the largest motor plus the full-load 
current of all motors. 


4 Feeder Circuit With Mixed Loads. Size fuse at sum of | 
a. 150% of the full-load current of the largest motor plus 
b. 100% of the full-load current of all other motors plus 
c. 125% of the continuous, non-motor loadt plus 

d. 100% of the non-continuous, non-motor load. 


5 Branch Circuit With No Motor Load. The fuse size must | 
be at least 125% of the continuous loadt plus 100% of the non- 
continuous load. Do not size larger than ampacity of conductor’. | 


6 Motor Branch Circuit With Overload Relays. Where 

overload relays are sized for motor running overload protection, the 

following provide backup, ground fault, and short-circuit protection: 

a. Motor 1.15 service factor or 40°C rise: size fuse at 125% 
of motor full-load current or next higher standard size. 

b. Motor less than 1.15 service factor or over 40°C rise: 
size the fuse at 115% of the motor full-load current or the next 
higher standard fuse size. 


7 Motor Branch Circuit With Fuse Protection Only. 

Where the fuse is the only motor protection, the following fuses pro- 

vide motor running overload protection and short-circuit protection: 

a. Motor 1.15 service factor or 40°C rise: size the fuse at 
110% to 125% of the motor full load current. 

b. Motor less than 1.15 service factor or over 40°C rise: 
size fuse at 100% to 115% of motor full load current. 


8 Large Motor Branch Circuit—Fuse larger than 600 amps. 
For large motors, size KRP-C HI-CAP time-delay Fuse at 150% to 
225% of the motor full load current, depending on the starting method; 
i.e. part-winding starting, reduced voltage starting, etc. 


Non-Time-Delay Fuses 
(LIMITRON and T-TRON, typically) 


1 Malin service. Size fuse according to method in 4. 


| 2 Feeder Circuit With No Motor Loads. The fuse size must 
be at least 125% of the continuous loadt plus 100% of the non- 
continuous load. Do not size larger than the ampacity of the wire. 


3 Feeder Circuit With No Motor Loads. Size the fuse at 
300% of the full-load current of the largest motor plus the full-load 
current of all other motors. 


4 Feeder Circult With Mixed Loads. Size fuse at sum of: 
a. 300% of the full-load current of the largest motor plus 

b. 100% of the full-load current of all other motors plus 

c. 125% of the continuous, non-motor load t plus 

d. 100% of the non-continuous, non-motor load. 


5 Branch Circuit With No Motor Load. The fuse size must 
be at least 125% of the continuous loadt plus 100% of the non con- 
tinuous load. Do not size larger than the ampacity of conductor* 


6 Motor Branch Circult With Overload Relays. Size the 
fuse as close to but not exceeding 300% of the motor running full 
load current. Provides ground fault and short-circuit protection only. 


7 Motor Branch Circuit With Fuse Protection Only. 
Non-time-delay fuses cannot be sized close enough to proivde motor 
running overload protection. If sized for motor overload protection, 
non-time-delay fuses would open due to motor starting current. Use 
dual-element fuses. 


t 100% of the continuous load can be used rather than 125% when the switch and fuse are listed 
for continuous operation at 100% of raling Most bolted pressure switches and high 
Pressure contact switches 400A to 6000A with Class L fuses are listed for 100% con- 
tinuous operation. 

“Where conductor ampacity does nol correspond to a standard fuse rating, next higher reting 
fuse is permitted when 800 amperes or less (240-3 Exc 1). 

@\in meny motor feeder applications dual element fuses can be sized at ampacity of leeder 
conductors 


Fig. 3-13. Manufacturers provide information for matching fuses to load. 
(Bussmann Mfg. Div. McGraw-Edison Co.) 
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When fuses blow or breakers trip, the cause 
should be checked out before the fuse is replaced 
or breaker reset. Never replace fuses or breakers 
with protective devices of a higher amperage rating 
than the one intended for that circuit. If you do, you 
defeat the purpose of the protection device. We will 
look at fuses and breakers in more detail later in 
Chapter 12. 


CIRCUIT CONTROLLERS (SWITCHES) 


Although fuses and breakers protect the circuit 
and have the ability to turn the electric current “on” 
or ‘‘off'’, they are not a convenient control unit. For 
this reason, switches are used to operate all, or sec- 
tions (branches), of any circuit. Again, there are 
numerous sizes, shapes, and styles of switches. 
Their purpose, however, is the same, see Fig. 3-14 
and Fig. 3-15. 


As JA 
UND LAB inst) 


T) 
OO 
B 


Fig. 3-14. Switches act as circuit controllers. A— Lighted 
handle switch. B— Key operated switch. C— Standard toggle 
switch. (Harvey Hubbell Inc.) 


Like fuses and breakers, each switch is labeled 
for its maximum amperage and voltage rating. Do 
not place any switch in a circuit which can deliver 
more than the maximum permitted by the switch. 
It will damage the switch and could become 
dangerous. Also, switches are placed in “hot” 
conductors — NEVER in the neutral. Fig. 3-16 is a 
list of different types of switches and, where ap- 
propriate, their special functions. 


ELECTRICAL ENERGY CONSUMERS 


The purpose of the electrical circuit is to distribute 
electrical energy to one or more uses within the cir- 
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NEUTRAL 


SOURCE 


SWITCH OPEN STOPS THE FLOW OF 
ELECTRONS ALONG THE “HOT” CONDUCTOR 


Fig. 3-15. Switch operates by interrupting the current through 
the conductor. “Hot” wires are connected to the screw 
terminals as indicated in the schematic. 


O Switches | Purposes 
Single-pole, single-throw Controls light or outlet from 
switch single location. 
Three-way switch Controls light or outlet from two 
locations. 


Four-way switch 


Controls light or outlet from other 
locations in between pair of 
three-way switches. 


Dimmer switch Like single-pole, single-throw 
switch, but also contains rheo- 
stat or voltage regulating device 
which allows all or only portion 
of electrical energy to outlet or 


light fixture. 


Pilot lighted switches Used to control light or outlet 


which is not in sight. It indicates, 


by use of pilot light, whether 
power to device is on or off. 


Time-delay switch Used where delayed shut-off is 
desirable. 


Others: Toggle switch, Pushbotton switch, Pull Chain switch, 
Photoelectric, Knife switch, Tap switch, Plate switch, 
Locking switch. 


Fig. 3-16. Table of switch types and where they are designed 
to be used. 


cuit. All the uses, termed /oads, are essentially types 
of resistors. They impede the flow of electricity 
while, at the same time, consuming the energy that 
is provided. 

Except when heat is needed, electrical resistance 
is to be minimized wherever possible. In toasters, 
waffle irons, electric broilers, and heaters, the 
resistance is the workhorse. 

However, keep in mind that all users or loads 
must have some resistance or they would not be 
able to operate. For example, an ordinary light bulb’s 
filament offers a fair amount of resistance so that 
it can, because of friction, get hot and glow to 
create light. Other fixtures, such as fluorescent 
lights and electric clocks, offer less resistance. 

Resistance is also present in other components 
of an electric circuit: sources, conductors, con- 
trollers, and protectors. Each offers some 
resistance. 

As mentioned before, resistance in an electric cir- 
cuit is measured in ohms. This unit of measure- 
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ment is defined in terms of current and voltage. That 
is, 1 ohmis the amount of resistance which will per- 
mit the flow of 1 ampere of current when 1 volt 
of electrical force or pressure is applied. 


REVIEW QUESTIONS — CHAPTER 3 


1. What are the two best metal conductors? 

2. The safe current carrying capacity of a wire 
is its: 

Voltage drop. 

Voltage. 

Ampacity. 

Resistance. 


200m 
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The electrical pressure of a circuit is its: 

a. Voltage drop. 

b. Voltage. 

c. Ampacity. 

d. Resistance. 

As the AWG number becomes smaller, the 
wire size becomes (larger, smaller). 

The consumers or users of electrical energy are 
more properly called __ CC; 
The Greek letter 2, omega, is the symbol or 
abbreviation for the __ SS SSS—CU which 
signifies resistance in an electrical circuit. 


. A switch is always placed in the (hot, neutral) 


conductor of a circuit. 


T a g 

Information in this chapter will enable you to: 

e Select essential tools for residential wiring. 
e Discuss basic principles of tool use and care. 


An electrician must have proper tools for the job. 
They must be kept in good repair as well. If tools 
are not available or are in poor condition, time is 
wasted and good work is impossible. See the list 
in Fig. 4-1 for essential tools. 


ESSENTIAL TOOLS 


Certain tools are essential. Without them the elec- 
trician cannot and should not attempt to wire 
anything. The list includes: 

Wire cutter: This could be a lineman’s pliers, side 
cutting pliers like the needlenose. It will be used 
for small wire. 

Cable ripper: Various types are available for NM or 
UF cable. 

Wire stripper: Either a manual or automatic type is 
satisfactory to remove conductor jacket from con- 
ductor. A knife is acceptable IF the electrician has 
developed a practical technique for using it. 

Cable cutters: This is needed to cut larger cable like 
types SE, SEC, or SEU in sizes 6 to 4/0 or larger. 
A hacksaw is acceptable as a substitute. 

Neon test light: This is satisfactory as minimal 
equipment for testing whether conductor is 
energized. Preferred is a voltage meter, VOM or 
‘‘amp clamp’’ type for more specific information. 

Screwdrivers: Assorted sizes and types including 
both Phillips head and straight blade. 

Allen wrench set: This is necessary to tighten main 
lugs on certain load centers, panels, etc. 

Pump pliers (expandable jaw): These are needed to 
tighten weatherproof connectors. 

Hammers: Several types are needed (a) sledge or 
pump for driving ground rods; (b) electrician’s 
preferred for general electrical work. 

Tubing cutter: Same type as used by plumbers; used 
to cut EMT (IMC and rigid conduit are rarely used 
in residential wiring). 
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Tools for 
the Electrician 


BASIC TOOL LIST 


Striking Tools Cutting and Sawing Tools 


Claw hammer 
Lineman’‘s or electrician’s 
hammer 


Files 
Crosscut saw 
Keyhole saw 
Hacksaw 
Circular saw, 7 in. 
Reciprocating saw 
Pocketknife 

or electrician’s knife 
Cable cutters 
Chisel, wood 
Wire strippers 
Cable strippers 


Drilling tools 


Electric drill, 1/2 in. chuck 
Electric drill, 3/8 in. chuck 
Electric drill, 1/4 in. chuck 
Drill bits, various sizes 

auger 

wood twist 

metal 

masonry 

expansive 

bit extenders 


Pliers 


Slip joint pliers 
Lineman’s pliers 
Side cutting pliers 
Diagonal pliers 
Long nose pliers 
End cutting pliers 
Curved jaw pliers 


Soldering & Wire-Joining Tools 


Soldering iron 
Soldering gun 
Propane torch 
Solder, rosin core 
Soldering paste 
Blow torch 
Crimping tool 


Special & Miscellaneous Tools 


Fish tape wire puller 

Wire pulling lubricant 

Conduit or pipe cutter 

Reamer 

Conduit bender (hickey) 

Fuse puller 

Tape and die set 

Flashlight 

Plumb bob 

Test light, continuity tester 

Level 

Conduit threader 

Trouble light 

Gas generator, about 1500 W 

Portable space heater 

Assorted wood or fiberglass 
ladders 

Wire grips 

Chalk line 

Tool pouch 


Fastening Tools 


Standard screwdriver 
Phillips screwdriver 
Offset screwdriver 
Torque head screwdriver 
Adjustable wrench 

Allen wrenches 
Socket/ratchet wrenches 
Box end wrenches 


Measuring Tools 


Folding ruler 

Carpenters extension ruler 
Steel tape 

12 inch ruler or meter stick 


Fig. 4-1. A well stocked tool pouch is important if the electri- 
cian is to do his/her work well and without wasted time for 
lack of the right tool for the task. 
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EMT conduit bender: Absolutely necessary to work 
with EMT. 

Screw starter or scratch awl: Electrician can do 
without it but installation of screws is so much 
easier and faster that all electricians should have 
them. 

Level: Most equipment must be installed plumb. 

Electrician’s locking blade knife: Needed for all- 
purpose cutting. 

Plaster knife: Wide and flexible type to repair 
damaged plaster when remodeling old work. 

Other necessary tools: Set of socket wrenches; 
trouble light; tool pouch; drill and drill bits; ad- 
justable wrench; ladders. 

Knives, drill bits, chisels, saws, and other tools 
meant for cutting should be kept sharp. A dull tool 
does poor work. It may also cause injury to a worker 


or damage the electrical materials or the structure 


itself. 

Gripping tools or turning tools such as pliers and 
screwdrivers should be inspected frequently. Plier 
jaws with rounded teeth will slip and cause damage. 
if reconditioning of any tool is impossible, the tool 
should be replaced. Inspect screwdriver blades for 
rounding and other signs of damage and wear. 
Recondition or replace as necessary. 

Handles of striking tools should be inspected fre- 
quently for looseness and weakness. Wooden 
handles can crack and splinter from misuse or 
misdirected blows. Loose wooden handles can be 
repaired with new wedges. Broken ones should be 
replaced. Proper use and care of tools should be a 
part of every electrician’s training. There are ex- 
cellent pamphlets on the market for this purpose, 
Fig. 4-2. 


Fig. 4-2. Good tools require proper use and maintenance. 
(Klein Tools, Inc.) 


STRIKING TOOLS 


A hammer is used for driving nails and staples, 
for attaching hangers and electrical boxes, and for 
driving chisels. Many electricians prefer the elec- 
trician’s hammer. It has an extra long neck for 
driving nails through bottoms of electrical boxes. 
The claw which is straight rather than curved, is 
used to remove nails or to loosen structural mate- 
rials such as plaster during electrical remodeling. 
See Fig. 4-3. 
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Fig. 4-3. Hammers are essential for attaching electrical com- 
ponents and installing hangers. 


General rules regarding the proper use of strik- 
ing tools follow: 
1. Always choose the right size and weight ham- 
mer or striking tools for the intended use. 


2. Never strike tools together unless they are 
designed for the purpose. 

3. Striking tools should strike a surface squarely; 
never at an angle. 

4. Always wear safety glasses when using strik- 


ing tools. 
CUTTING AND SAWING TOOLS 


The handsaw is needed for notching or cutting 
studs. For heavier cuts, a power circular saw may 
sometimes be used. When cutting in tight quarters, 
a keyhole saw is preferred, Fig. 4-4. This saw is 
capable of cutting circles and irregular shapes. It can 
also start a cut through a small hole drilled into the 
material. 

A reciprocating saw is handy wherever a keyhole 
saw is used. It is faster and will handle thicker 
material. 
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Fig. 4-4. Keyhole saw. It can make cuts where a handsaw 
cannot be used for lack of space. (GE Wiring Devices Dept.) 


The wood chisel will trim away small amounts of 
wood in framing members to make room for mount- 
ing of fixtures or boxes. It is preferred for notching 
studs, joists, plaster, flooring and old-style lath. 

Cutting tools require careful use and frequent 
maintenance. For their proper use and care: 

1. Wear gloves when using cutting tools. 
2. Use the correct size and type of cutting tool for 
the purpose intended. 
Do not force cutting tools past reasonable hand 
pressure. 
Oil pivot points of the tool frequently. 
Keep cutting edges sharp. 
Tighten nuts and bolts of pivot properly when 
applicable. 
A hacksaw, Fig. 4-5, will cut conduit and cable. 
It may also be used in place of a handsaw for cut- 
ting away plaster and lath. 


oe 


ee 


Fig. 4-5. Hacksaw is used for cutting conduit, cable, plaster, 
and, sometimes, lath. (Parker Mfg. Co.) 


WIRE AND CABLE CUTTERS 


A number of tools can be used for clamping and 
cutting wire conductors, Fig. 4-6. Multipurpose 
tools will cut, strip, and crimp, Fig. 4-7. Wire strip- 
pers are good for quick removal of insulation 
without damaging the wire conductor material. A 
pocketknife or electrician’s knife is suitable for 
removing insulation. 

Cable cutters are designed to cut large diameter 
copper and aluminum cable. Handles 15 to 17 in. 
long provide sufficient leverage to the jaws to cut 
cable 350 MCM (.350 in. or about 3/8 in.) thick. 
The jaws can be replaced if they become worn or 
damaged, Fig. 4-8. 


WIRE 
STRIPPER 


Fig. 4-7. A crimping tool also serves as a cutter, wire strip- 
per, and bolt cutter. It is an all-around tool favored by many 
electricians. (Vaco Products Co.) 


Fig. 4-6. Left. Cable ripper strips away insulation without damaging the conductor. Hook beneath blade provides leverage, 
requires less hand pressure. Center. Cable cutter. Insulated handles are important on many electrician’s tools because they 


protect the electrician from potential shock. Right. Pocketknife designed for removing insulation. 
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(Klein Tools, Inc.) 
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A cable stripper is used on larger conductors from 
9/16 in. to 1 7/16 in. in diameter. It is clamped onto 
the cable and rotated. The blade can strip away the 
insulation without damaging the conductor wire. 
See Fig. 4-9. 


Fig. 4-8. Large conductors are cut with the cable cutter 
shown. Tool length is nearly 2 ft. long. 
(Greenlee Tool Div., Ex-Cello Corp.) 


Fig. 4-9. Insulation stripper. Tool self-feeds as it is rotated 
around cable. Cable is held in V-shaped trough. 


PLIERS 


Pliers, as shown in Fig. 4-10, may be used for 
holding, shaping and cutting. The basic tools are 
the slip joint pliers and the lineman’s pliers or side 
cutters. Both can be used for holding parts such as 
locknuts and for gripping wires that are being pulled. 
The lineman’s pliers can also be used for cutting 
wires. Sometimes it will be used as a crimper for 
connectors used on Romex. 

Diagonal pliers have high leverage and are need- 
ed for cutting wires where it is difficult or impossi- 
ble to use side cutting pliers. One instance of their 
use is for cutting conductors in BX after the metal 
armor has been cut. 

They are sometimes used for shaping loops in the 
wires for screw terminals. However, if available, a 
long nose pliers makes better loops. 

A good all-around tool is the lever-jaw wrench 
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Fig. 4-10. Types of pliers. A—Lineman’s pliers is designed for 
pulling wires. B—Long nose pliers is best for forming terminal 
loops on wires. (GE Wiring Devices Dept.) C— Diagonal pliers 
with stripping holes. D—‘’Vise grips” or lever-jaw wrench will 
grip parts and leave hands free to work. Either curved iaw or 
straight jaw models are available. (Klein Tools, Inc.) 


usually called a ‘‘vise grips.’’ It serves as a pliers, 
lock wrench, open end wrench or a pipe wrench. 
As you can see, pliers are quite versatile. These 
tools can grip, clamp, tighten, turn, pull and cut ob- 
jects. Certain rules should be followed to prolong 
their usefulness and make them safe: 

Never use pliers to strike another object. 

Do not use for cutting, unless designed to do so. 
Keep properly oiled. 

For electrical work, use plier-type tools having 
properly insulated handles. They will help pro- 
tect against electrical shock. 


PWN > 


FASTENING TOOLS 


The most-used fastening tool in the electrician’s 
tool box is the standard screwdriver. It is needed 
primarily to tighten terminal screws, attach switch- 
es and outlets to their boxes, install switch and 
outlet covers, and install fixtures. It is also a handy 
tool for tightening locknuts. Phillips screwdrivers are 
needed for some screw heads used in electrical 
work. Several sizes are desirable and are, therefore, 
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recommended, Fig. 4-11. In addition, open end dition. The bit must be sharp. It must also be of the 
wrenches, box end wrenches, socket wrenches and proper type and size for the hole to be drilled and 
nut drivers are needed frequently and should be kept the material you are drilling. Fig. 4-13 illustrates an 
handy. See Fig. 4-12. For proper use and care of ordinary brace and a power drill. Fig. 4-14 and Fig. 


fastening tools: 4-15 show a variety of drill bits, accessories, and 
1. Never use them for striking other tools. hole saws. 
2. Do not use make-shift extension handles, 

sometimes called ‘‘cheaters,’’ for increasing 
D 
4. 


and bit or electric powered drill, the common func- 


leverage. y 
Avoid overtightening or overtorquing when us- b 
ing tightening tools. N: 
Again, use the right type and size of the tool for a 
its intended purpose. Proper fit is essential for a 
good performance. 

DRILLING TOOLS 


r usin hand drill, push-pull drill, brace 
Whether using a ha dd Stata Fig. 4-13. Two drilling tools. Left. Electric drill can be used 


with suitable bits to drill any size hole in wood or metal. (Black 


tion is to make a “clean” hole. In order to ac- & Decker). Right. Hand operated drill is called a brace. It is still 
complish this, the tool must be in good working con- one of the most versatile boring or drilling devices. 


Ae 


Fig. 4-11. Tools for fastening. A—Standard screwdriver. (Klein Tools, Inc.) B— Spiral ratchet screwdriver with reversing 
control. (Stanley Tools) C—Self-gripping and adjustable screwdrivers. D—Offset screwdrivers. 


COMBINATION OPEN-END AND BOX WRENCH 
OPEN END POINTS 


BODY BOX END 
JAWS OR FLATS 


ADJUSTABLE WRENCH 
FIXED JAW 


= HANDLE HANG HOLE 
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MOVABLE 
JAW 
SOCKET WRENCH 
REVERSING PAWL 


RATCHET HANDLE 


IMPACT 
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DRIVE LUG 


Fig. 4-12. Other fastening tools. A—Parts of wrenches. (Klein Tools, Inc.) B—Sockets. C— Open end wrenches. D— Box 
end wrenches. (Duro Chrome Tools) 
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occasions, a soldering gun or propane torch like 
those illustrated in Fig. 4-16, will fill the bill. 

Such tools require almost no maintenance except 
for occasional tinning or cleaning of the soldering 
tip. Complete instructions provided by the manufac- 
turer are adequate for the care and use of these 
tools. 


BIT EXTENSION 
ID OVOOOOIOLOOOI,  —— 


EE Se TT a 
POWER DRILL SAW 


SW 


POWER DRILL EXTENSION 


POWER BORE BIT 
AAA heheh ah oh oe) o ta 
MASONRY BIT 


AAA 


Fig. 4-14. The electrician will use a variety of bits and ex- 
tenders in the course of installing wiring in a house. SOLDERING 
(Stanley Tools) GUN 


Fig. 4-16. Tools for soldering. 


MEASURING TOOLS 


Two of the most important measuring devices 
needed by electricians and other trades people are 
the folding rule and steel tape, Fig. 4-17. The folding 
rule requires almost no maintenance, except a drop 
of oil at each hinge once a year or so. Typical rules 
are 6 ft., 8 ft., and 10 ft. long with hinges for folding 
at 6 in. intervals. Those having both conventional 
U.S. and metric scales are best. 


Fig. 4-15. For boring large holes, the heavy duty hole saw is 
a useful tool. Diameters range from 3/16 in. to 4 1/8 in. 
(Black & Decker) 


Fig. 4-17. Electricians should keep more than one type of rule. 
Left. Steel tape. Right. Folding rule. (Stanley Tools) 


SOLDERING TOOLS 


The development of various types of wire con- MISCELLANEOUS TOOLS 
nectors has all but eliminated the once common 
technique of joining wires by soldering. Still, solder- Throughout this text we will see illustrations and 


ing may occasionally be necessary. Upon such rare references to various tools used in the electrical 
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trade. Being specific in their use, they defy a general 
category. Nonetheless, this group comprises the 
largest group of devices used by the electrician. 

The circuit tester can be used to determine if there 
is Current in a circuit and if it is properly grounded. 
Continuity testers contain their own power source 
and are needed for checking continuity (complete 
circuit) in unenergized circuits. 

Trouble lights serve a two-fold purpose. They 
bring light into out-of-the way places and, at the 
same time, provide an electric power outlet for drills, 
saws, and other electrical tools. Be sure to select 
one with a grounded outlet. 

A pipecutter is useful for cutting conduit. While 
a hacksaw serves the same purpose, the cutter is 
preferred as it produces a neater cut. The pipe 
reamer will remove sharp and ragged edges from 
pipe that could abrade insulation. See Fig. 4-18 for 
various tools. 


CIRCUIT TESTER 


CONTINUITY TESTER 


PIPE REAMER 


E S 


ELECTRIC SOLDERING IRON 


Fig. 4-18. Miscellaneous tools such as these are frequently 
useful to the electrician. (GE Wiring Devices Dept.) 


Fig. 4-19 through Fig. 4-23 illustrate a few more 
essential tools. No doubt, you will come across 
dozens of others when involved in actual wiring 
procedures. 

Electrical contractors who hire on electricians to 
work for them expect the worker to have his or her 
own tools. While not all of the tools need be pur- 
chased at one time, the list presented is necessary 
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Fig. 4-19. Steel fish tape is used to pull wires through wall 
spaces and conduit runs. (Greenlee Tool Div., Ex-Cello Corp.) 


Fig. 4-20. Manual conductor bender makes easy work out of 
bending large, usually stubborn, conductors. 


Fig. 4-21. Hydraulic conductor bender. This tool is a must” 
when wire bending space is limited. 
(Greenlee Tool Div., Ex-Cello Corp.) 


for the well stocked electrician’s tool kit. Since tools 
are expensive to replace, it is important to follow 
the instructions for their use and care. Refer again 
to Fig. 4-1 for a checklist of the tools you need to 
get started. 

For additional information concerning the proper 
use of hand tools, contact the Hand Tool Institute, 
331 Madison Avenue, New York, NY 10017. 
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Fig. 4-22. Conduit hickey. This bender is often used to bend 


larger sizes of rigid conduit. (Appleton Electric Co.) 


REVIEW QUESTIONS — CHAPTER 4 


List those tools which are essential for the elec- 

trician to have on the job. 

It is better to buy cheap tools and replace them 

often. True or False? 

How is an electrician’s hammer different from 

a standard claw hammer? 

Which of the following statements is true? 

When using cutting tools such as cable cutters 

and side cutters: 

a. Never use more than reasonable hand 
pressure. 

b. Use a handle extender if the material does 
not cut easily. 
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Fig. 4-23. Socket set will be used frequently by the electri- 
cian as he or she installs service entrance and entrance panels. 
(Klein Tools, Inc.) 


c. It is alright to use a hammer to make them 
cut the material. 

5 are used for holding, shaping, and 
cutting. 

6. The most-used fastening tool in the electrician’s 
tool pouch is the ——— 

7. Insulated handles are important on many elec- 
trician’s tools because 

8. Where can you get additional information on 
proper use of hand tools? 


Safe work habits are all-important in working with 
electricity. The electrician must develop safe work 
habits, good housekeeping habits, and a healthy 


s 


Safety and 
Grounding 
Essentials 


metal objects or apparel from the body before 
beginning work. 

7. Make sure that all electrical equipment is prop- 
erly grounded. 

8. Keep work areas dry and free of debris. If 
necessary, clear the area of loose material or 
hanging objects. Cover wet floors with 
wooden planking. Wear rubber boots or rub- 
ber soled shoes. 

9. Wear gloves when possible. 

10. Place a rubber barrier or other nonconductive 
shield around exposed conductors or equip- 
ment near the work area. 

11. Lift objects carefully. Use the leg muscles. 
Keep back straight while lifting. 

12. Wear clothing that is neither floppy nor too 
tight. Loose clothing will catch on corners and 
rough surfaces causing unsafe motion. 


ae MINIMUM CLEAR WORKING SPACE 

respect for electricity. oe ; MEASURED FROM THE LIVE PARTS. J 
Another important aspect of wiring safety is the THE DISTANCE VARIES AS PROVIDED \ 3 

grounding system. It must follow the Code so the IN NEC TABLE 110.26(A). Na ; 


wiring job will be safe and serviceable for years to 
come. More will be said about grounding later. 


SAFETY DURING INSTALLATION 


Only by learning and faithfully following certain 
safety rules can the electrician hope to avoid ac- 
cidents and injury. The basic rules are: 

1. Remain alert. THINK before acting. 

2. Avoid quick movements. Work carefully and 
deliberately. Plan each step of your work. 

3. Avoid live work unless absolutely necessary. 
Disconnect circuit at its main source, if possible. 

4. Make certain a circuit is de-energized. Test it 
with a test light before beginning work on it. 

5. Use tools correctly and for their intended pur- 
pose. Use only tools with insulated handles 
when working on live circuits. Keep tools in 
good working order. 

6. Remove jewelry, rings, watches, and other 


ÁA 
4 
ine exposen 


GROUNDED, E.G. BUSBAR 
PLASTERBOARD 

ON WOOD SS 

STUDS 


Fig. 5-1. Safety in electrical wiring may save your life. Move 

cautiously around electrical equipment that is live. Observe 

proper clearances. Wear clothing that is neither too loose (flop- 
py) nor too tight. Keep floors clear of debris. (OSHA) 


Clothing that binds is uncomfortable and may 
be just as unsafe as clothing that is too loose. 
See Fig. 5-1. 

13. Wear safety glasses when using striking tools. 


LADDER SAFETY 


Ladders used by the electrician should be made 
of wood or fiberglass. They should be set at a safe 
angle and tied off to prevent a slip or fall. 

Avoid placing a ladder at too steep an angle. As 
a rule of thumb, the horizontal distance from the 
base of the ladder to the structure should be one- 
quarter the length of the ladder, Fig. 5-2. 

Make certain the base of the ladder has firm sup- 
port. Ground or floor should be level. Use extreme 
care if surface is wet or icy. Special blocking may 
be needed to prevent slipping. 

Stepladders should be set level. They must be ful- 
ly opened so the hinges will lock. Keep joints tight 
so the ladder does not wobble or lean. Discard step 
ladders in poor condition. 

When working on the ladder always face it. Never 
use the top rung or step for support. Check straight 
ladders and extension ladders often for step rot or 
other structural damage. 


—— 


TIE OFF 
LADDER 
IF POSSIBLE 


/ 
WALL 


"o DISTANCE 


ABOUT 1/4 
LADDER HEIGHT 


Fig. 5-2. Use only wooden or fiberglass ladders for overhead 

electrical work. Do not set ladder at too steep an angle. 

Distance between base and structure should be at least a 
quarter of the ladder height. 


SCAFFOLDING 


Wooden scaffolding is preferred for electrical 
work. If a metal scaffolding must be used, it should 
be grounded. Handrails and toe boards should be 
secured to the top level. If the scaffold has wheels, 
they should be locked to prevent unwanted move- 
ment. Tie the scaffold off as well, especially if it is 
several platforms high. Always use a ladder to get 
onto a scaffold. NEVER climb the braces. 
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Both scaffolding and ladders should be handled 
carefully to prevent injury or property damage. Be 
particularly careful not to contact overhead wires 
or other exposed wires. 


TEMPORARY WIRING 


Temporary wiring is done to provide electrical 
power only during construction, remodeling, demoli- 
tion, repair, or large-scale maintenance of a building. 
Itis meant to be used for a short period and then re- 
moved. Article 527 of the National Electrical Code 
covers this subject. 

Although temporary wiring safety requirements 
may be less exacting than permanent wiring, most 
of the same rules apply. However, there are several 
important differences. 

Temporary wiring can be used on a construction 
site during the entire term of construction, 
regardless of the type of construction. In addition, 
temporary power can be brought in for emergency 
situations, for testing, and for experimentation 
usage. 

Time limitations are set on other uses. For exam- 
ple, temporary Christmas lighting or carnival power 
must be removed within 90 days. 

The key factors for installation of all temporary 
wiring are: 

1. All temporary wiring, devices, and equipment 
should be located in a safe place and should 
be as neat as possible. It should be kept 
overhead as much as possible, Fig. 5-3. 


10 FEET 


Temporary feeders run as open 
conductors, supported on insu- 
lators, and spaced a maximum of 
10 feet apart. 


Fig. 5-3. Safe temporary power lines should be well-supported 
and should be neatly strung from the power drop to the 
temporary power panel. (OSHA) 
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Protect temporary wiring from physical 
damage. 

Place ground-fault type receptacles in outlet 
boxes for personnel protection. See Fig. 5-4. 
Grounding must be in compliance with Arti- 
cle 250 of the National Electrical Code. 

All lamps should have protective covers or 
caging. They should be mounted at heights of 
7 ft. or more. 

All circuits must originate from approved 
panels or power outlets and must have over- 
current protection. 

Receptacle circuits and lighting circuits are to 
be separated. 

Weatherproof devices and housings should be 
used wherever there is dampness or exposure 
to weather. 

Locking type plugs and connectors should be 


> So 


Fig. 5-4. To protect personnel on construction sites, devices 
should be used to guard against electrical shock. Top. Portable 
ground-fault circuit interrupter. (Hubbell Wiring Device Div.) 
Bottom. A ground continuity monitor checks constantly that 
an extension cord is properly grounded. 
(Daniel Woodhead Co.) 
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used on power ends. 
10. Temporary wiring should be inspected fre- 
quently for damage. 


EFFECTS OF ELECTRICAL SHOCK 


Alternating current electrical shock is dangerous 
and often fatal. Likelihood and severity of shock 
depends on many variables. Degree of electrical 
shock will be different if: 


1. Moisture is present. If floor or clothing is wet 
or if person is perspiring, shock will be more 
severe than if conditions are dry. 

2. Flooris metal, wood, or concrete. The better the 
floor conducts, the more severe the shock. 
Wood and concrete are insulators. Metal is a 
conductor. 

3. The circuit is grounded. 


Voltage does not have as much to do with severi- 
ty of shock as the amount of current. A shock of 
10,000 V is no more deadly than 120 V. 

On the other hand, a shock approaching 10 
milliamperes (0.01 A) is painful. Possibly severe ef- 
fects will be experienced. Refer to Fig. 5-5. The 
values listed in the chart and the bodily effects are 
only an average. Conditions of size, skin moisture, 
food and liquids in the body, surrounding humidi- 
ty, and clothing would tend to change the severity 
of the effect. 


AVERAGE EFFECTS OF ELECTRIC CURRENT ON BODY 
Amount of current Effects on body 
(in amperes) 
0.001 Felt slightly as mere tingle 
1 milliampere 
0.001 to 0.01 Would probably cause muscles to contract 
1 mA to 10 mA freezing individual preventing him/her from 
releasing object 
0.01 to 0.1 Fatal after several seconds duration 
10 mA to 100 mA 
0.1 or more Almost always fatal 
100 mA or more 
Fig. 5-5. Even very small amounts of current passing through 
the body can be lethal. Severity is affected by many factors 


such as moisture on the body or clothing, amount of food or 
liquids in the body, etc. 


HELPING A SHOCK VICTIM 


Immediate action must be taken to help a shock 
victim. This is particularly true if the victim is still 
in contact with the source of electrical current. If 
you cannot shut off the power IMMEDIATELY, try 
instead, to move the person from contact with the 
electricity. 

Use great care that you do not receive a shock 
yourself. Use a stick or insulated material to knock 
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the conductor off of the victim. Do not take a 
chance on injury from shock yourself. 

Call a doctor or paramedics to the scene. If the 
victim is not breathing, perform artificial respiration 
or CPR resuscitation until medical assistance 
arrives. 


GROUNDING 


The most important element in wiring safety is 
grounding. This refers to the connection of all parts 
of a wiring installation to ground or to other systems 
that are well grounded. This deliberate and pur- 
poseful connecting of the system and the earth pro- 
vides for the safety and protection of: 

1. Persons installing or testing the system. 

2. The electrical system itself. 

3. Persons using power tools, appliances, or other 
devices. 


GROUNDING THEORY 


Grounding protects by limiting the possibility of 
damage to electrical equipment and conductors and 
by preventing shock to persons contacting electrical 
equipment. 

Electrical systems could receive extremely high 
voltage from several sources: 

1. Lightning striking electrical wiring or service wir- 
ing, Fig. 5-6. 


2. Insulation breaking down and allowing high 
voltage across the supply (step-down) 
transformer. 

3. Accidental contact between the service conduc- 


tors and high tension wires. 
In any of these mishaps, very high voltages could 
enter the electrical system. Voltage could be in ex- 
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Fig. 5-6. Lightning striking supply wiring could send high 
voltage and overcurrent into an electrical system if it is not 
grounded. (U.S. Labor Dept.) 
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cess of several thousand volts. In a system designed 
to carry no more than several hundred volts, the 
damage would be substantial. Without proper 
grounding the high current related to the high 
voltage would create so much heat that conductor 
insulation would melt. Surrounding structural 
materials could ignite and burn. 

With a system properly grounded, this excess 
voltage and current is directed to earth rapidly. In 
reality, the excess would travel through the ground- 
ing conductor and not affect the electrical system 
at all. See Fig. 5-7. 
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ELECTRODE 


GROUND CONDUCTOR 


ROD(S) 
(ELECTRODES) 
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Fig. 5-7. In system grounding the service entrance is con- 

nected to earth so that excessive voltage and accompanying 

overcurrent would be directed to ground. Note in schematic 
how the neutral conductor is grounded. 


Other problems can occur in the electrical 
system’s equipment or conductors. These include 
short-circuits and ground faults. 

Short-circuits are conducting connections, ac- 
cidental or intentional, between any of the conduc- 
tors of an electrical system. This connection may 
be from line to line or line to the neutral (grounded) 
conductor. 

A ground fault is a conducting connection, inten- 
tional or accidental, between any conductors of an 
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electrical system and the normally noncurrent- 
carrying conducting material enclosing the conduc- 
tors. (Such enclosures would include metal conduit, 
electrical boxes, metal cabinets of appliances, etc.) 

In either case, without proper grounding, an un- 
wanted electric current could be induced in the 
system over its exposed portions. Proper equipment 
grounding would carry this unwanted current back 
to the service panel. Here it would cause the over- 
current device (fuse or breaker) to open the circuit 
and de-energize (shut down) the circuit. Excess cur- 
rent would go to ground. See Fig. 5-8. 

There are basically two kinds of grounding for 
electrical wiring. One is system grounding and the 
other is called equipment grounding. They have dif- 
ferent purposes and involve two different electrical 
paths. 


SYSTEM GROUNDING 


System grounding is the intentional connection 
of one conductor of the electrical system to the 
earth. This ground connection is usually to the 
neutral conductor if one is available in the system. 
However, it can be a line conductor as in a three- 
phase, three-wire delta system or a two-wire, 120 V 
single-phase system. 

The neutral or line conductor selected to be 
grounded is connected to a grounding electrode. 


This may be: 

1. Adriven ground rod. The rod reaches at least 8 
ft. deep into the ground for contact with moist 
earth. Usually, it is connected to one or more 
driven ground rods for better grounding. 


SERVICE CONDUCTORS SERVICE ENTRANCE 


MAIN BREAKER OR FUSES 


NEUTRAL BUS 
GROUND BUS 


MAIN BONDING JUMPER 


BOND TO 
ENCLOSURE 


GROUNDING ELECTRODE —= 
CONDUCTOR 


Note: if the circuit conductors are in metal conduit, then the grounding conductor 
(G) is not required since the metal conduit would be the grounding means. 


Fig. 5-8. Schematic of a system ground. All neutral conduc- 

tors in the system are connected to ground at service panel. 

Grounding conductor is continuous from the service panel 
ground bus to the grounding electrode. 
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2. A metallic water piping system of 10 ft. or more 
in length. 
3. A buried (metal) ground plate. 

Other grounding means are outlined in Article 250 
of the National Electrical Code. Refer also to Figs. 
5-9 and 5-10. Any one of these methods may be 
used to ground the system. A combination of 
several is also acceptable. 

Grounding of electrical systems is required to: 


1. Limit the voltage entering the system from 
surges in power from the supply transformer or 
from lightning. 

2. Hold all parts of the electrical system (including 


noncurrent carrying enclosures) at zero poten- 
tial to ground. 
System grounding serves to drain off high voltage 
that may accidentally enter the system from: 


1. Lightning. 
2. Breakdown of insulation in the supply 
transformer. 


3. Chance contact between high voltage supply 
lines and incoming service wires. 

Fig. 5-8 is a simple example of a system ground. 
The grounded conductor (neutral or white wire) 
forms an unbroken path from all the various circuits 
to the service entrance panel. All the neutral con- 
ductors meet in the service panel and connect to 
a common busbar called the neutra/ bus. This 


BOND TO METAL WATER PIPE 


NEUTRAL BUS 


GROUND BUS 


BOND 


SERVICE 


TO GROUND ROD 
EQUIP. 


BOND 
NEUTRAL 
AND GROUND 
BUS AT TO 
SERVICE GROUND 
PANEL ROL 


BOND SERVICE 


NEUTRAL EOIR, 
BUS TOIA RODS = 


CONERETERECS REINFORCEMENT 


RODS 


Fig. 5-10. Building reinforcement rods also can be used as 
additional ground. 
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busbar is in turn, connected to the ground bus by 
the main bonding jumper. The ground bus is con- 
nected to the grounding electrode. Should overcur- 
rent accidentally reach the system, it will be drained 
off harmlessly into the ground before it can damage 
any part of the system. 

The neutral wire in an electrical system, also 
known as the grounded conductor, should never 
have its continuity interrupted by switches, fuses, 
or circuit breakers. This would cancel its value as 
a path to ground back at the service pane!. Devices 
which interrupt the circuit can be used only on hot 
wires (ungrounded conductors). 

The grounding of the neutral wire is done at both 
the building’s service panel and at the power supply 
pole. See Fig. 5-11. A commonly accepted method 
of system grounding is to connect the neutral con- 
ductor to one or more ground rods. The rods must 
be driven to a depth of at least 8 ft., Fig. 5-12. The 
depth is important as the rods must be in contact 
with moist earth for good grounding. 

When more than one rod is used they should be 
spaced a minimum of 6 ft. apart. Technically the 
ground rods are known as grounding electrodes. 
They are connected to the neutral conductor by a 
stranded copper conductor no smaller than No. 8 


TRANSFORMER 
SECONDARY 


GROUNDED 
CONDUCTOR OR 
NEUTRAL 


SYSTEM 
BONDING 
JUMPER 


~<«—— SYSTEM GROUNDING 


a — 
—_ = 


Fig. 5-11. 
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GROUNDING ELECTRODE: 
5/8” GALVANIZED, 
OR 1/2” COPPER ROD 


Fig. 5-12. A ground rod. Also called grounding electrode, this 
rod is driven to a depth of 8 ft. This assures a good connec- 
tion of the neutral service conductor with the earth. 


Most metallic raceways, cables sheaths, and cable 
armor which are continuous and utilize proper fit- 
tings may serve as the equipment grounding con- 
ductor. A separate grounding conductor is needed 
when plastic conduit, nonmetallic-sheathed cable, 
or other wiring methods are used which are not 
approved as grounding methods. 


ari 

a. on 
EQUIPMENT 
GROUNDING 
CONDUCTOR 


=L ELECTRICAL SYMBOL 


FOR GROUND 
= 


A schematic illustration of both system and equipment grounding. System must be grounded 
at both the service pole and at the service panel. 


(OSHA) 
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AWG. This bare wire is known as the grounding Another method of system grounding is to con- 
electrode conductor. See Fig. 5-13 for proper sizing nect the neutral wire to the metal piping of the water 
of the grounding conductor. supply system in the building, Fig. 5-14. It is a com- 


Grounding Electrode Conductor for AC Systems 


Size of Largest Service-Entrance Size of Grounding 
Conductor or Equivalent Area for Electrode 
Parallel Conductors Conductor 


Aluminum or Aluminum or 
Copper-Clad Copper-Clad 
Copper Aluminum Copper Aluminum* 


2 or smaller 1/0 or smaller 
l or 1/0 2/0 or 3/0 


2/0 or 3/0 4/0 or 250 kemil 
Over 3/0 thru Over 250 kemil 
350 kemil thru 500 kemil 
Over 350 kemil Over 500 kemil 
thru 600 kcmil thru 900 kemil 
Over 600 kcmil Over 900 kemil 
thru 1100 kemil thru 1750 kcmil 
Over 1100 kemil Over 1750 kemil 250 kemil 


Fig. 5-13. This table lists general sizes for grounding electrode con- 
ductors. Refer to Section 250.66 in the Code. 


SUPPLY LOAD SIDE 
SIDE 


GROUNDED 
CIRCUIT 
CONDUCTOR 


SERVICE ENTRANCE AND 
SERVICE DISCONNECT 


SYSTEM 
BONDING 
JUMPER 


GROUNDING 
ELECTRODE 
CONDUCTOR 


EQUIPMENT 
GROUNDING CONDUCTOR 
(can be metal equipment 
enclosures or separate 
conductor) 


GROUNDING ELECTRODE (CAN BE METAL WATER PIPE, 
DRIVEN ELECTRODE, ETC., BUT MUST BE SUPPLEMENTED 
— WITH DRIVEN GROUND ROD OR OTHER ELECTRODE.) 


Fig.5-14. Grounding connections for system grounding using a water pipe as grounding electrode. 
(U.S. Labor Dept.) 
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mon practice and required to use both grounding 
methods together. It is necessary that the two 
grounds be interconnected or bonded. 


BONDING 


Bonding means joining ALL metal parts of the wir- 
ing system — boxes, cabinets, enclosures, and con- 
duit. It ensures having good, continuous metallic 
connections throughout the grounding system. 
Refer to Article 100 of the National Electrical Code. 
Bonding is required at: 

1. All conduit connections at the electrical service 
equipment. 

2. Points where a nonconducting substance is used 
that might impair continuity. That is, where cur- 
rent may not be able to flow past the noncon- 
ductor. Such bonding is done by connecting a 
jumper around the nonconducting substance. 

3. Allservice equipment enclosures whether inside 
or outside the building. 

4. All metallic components of the electrical system, 


which are normally non-current carrying. 

If a grounding conductor is properly bonded to 
the metal service equipment, a fault from line to 
ground (from an ungrounded [black] conductor to 
grounded equipment such as enclosures, raceways, 
cables, boxes, etc.,) on the load side of an over- 
current device will follow a low-resistance path to 
the grounded conductor at the transformer. This 
would allow the circuit protection device (fuse or 
circuit breaker) to open rapidly. 

Circuits having conductors enclosed in 
nonmetallic sheaths or plastic conduit must have 
an additional grounding wire. This wire must be in- 
terconnected between outlets. Fig. 5-15 indicates 
the size of the grounding wire, 15 to 400 A. This 
wire assures a continuous equipment ground. 

When metal conduit is used, the conduit itself is 
the grounding means /f the conduit provides an 
uninterrupted path back to the service entrance. If 
it does not, an additional grounding conductor must 
be run in the conduit, Fig. 5-16. 


SIZING CIRCUIT GROUNDING CONDUCTORS 


RATED AMPERAGE OR 
AMPERAGE SETTING OF 
AUTOMATIC OVER- 
CURRENT DEVICES 

PLACED AHEAD OF 
EQUIPMENT, CONDUIT, ETC. 


NOT EXCEEDING 
NOT EXCEEDING 
NOT EXCEEDING 
NOT EXCEEDING 40A 
NOT EXCEEDING 60A 
NOT EXCEEDING 100A 
NOT EXCEEDING 200A 
NOT EXCEEDING 300A 
NOT EXCEEDING 400 A 


15A 
20A 
30A 


COPPER 


AWG SIZE 


ALUMINUM AND 
COPPER-CLAD 
ALUMINUM 


Fig. 5-15. Sizes of grounding conductors to use with various 
sizes of overcurrent devices. Refer to NEC Table 250.122 for 
additional details. 


METALLIC DEVICE BOX 


CONDUIT 
TO DEVICE 


METAL CONDUIT 
IS MEANS OF 
GROUNDING 


OF CABLE 


CABLE 


THEN PIGTAIL 
IS CONNECTED 


FIRST THE 
GROUNDING SCREW IS 
TIGHTENED INTO 
REAR OF BOX 


GROUNDING CONDUCTOR 


NONMETALLIC BOX 


ALL GROUNDING 
| CONDUCTORS 


CONDUIT 


MUST BE 
JOINED 
CONDUIT CABLE 
MUST GROUNDING 
CARRY CONDUCTOR 


GROUNDING 
CONDUCTOR 


Fig. 5-16. The proper method of bonding electrical devices to the electrical box and, in turn, the electrical system. 
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HOW THE SYSTEM GROUND WORKS 


In theory, with the neutral wire grounded at the 
supplier’s pole (transformer) and at the building, no 
harm would come from touching the neutral wire. 
Any current present would be running to the earth. 
It would be the same as touching the earth. 

Since every circuit is connected to the main ser- 
vice entrance panel, the circuit and all the loads on 
it are also grounded. 

Article 250 of the National Electrical Code deals 
with grounding details and should be understood 
by anyone intending to do electrical work. In fact, 
a thorough understanding of both system grounding 
and equipment grounding is essential to completing 
an electrical installation which is safe to both per- 
sons and property. This is the fundamental basis 
for the creation of the National Electrical Code. 


EQUIPMENT GROUNDING 


Equipment grounding is the method which bonds 
the grounding conductor to equipment enclosures 
(motor frames devices) and metallic noncurrent car- 
rying equipment, Fig. 5-17. A permanent and un- 
broken path is formed back to the service neutral 
and the grounding electrode. This path is thus con- 
tinuous with the grounded, neutral conductor both 
on the supply and load side of the service. If a 
system does not have a grounded conductor or 
neutral, one of the line or phase conductors may 
be intentionally grounded. This is common when 
there is a three-phase, three-wire delta system or 
a two-wire, 120 V, single phase system. One con- 
ductor of the system is grounded by connecting it: 
to the grounding electrode. 

This ground protects the electrical equipment 
from damage should a live conductor make contact 


CIRCUIT CONDUCTORS | 
TO EQUIPMENT 


CONDUIT PROVIDES 
GROUNDING 


MAIN PANEL 

BONDED TO NEUTRAL 

AND GROUNDING CONDUCTOR 
AT THE SERVICE 


a 
GROUNDING ELECTRODE 
CONDUCTOR 


+ y GROUNDING ELECTRODE 


WATER PIPE SYSTEM 
A OR GROUND ROD 


SOURCE OF SUPPLY 
SERVICE ENTRANCE 


with the equipment housing or frame. This is known 
as a ground fault. |t occurs when conductor 
insulation fails or when a wire comes loose from its 
terminal point. Not only is this damaging to the elec- 
trical equipment but it exposes the equipment user 
to danger of serious shock. For this reason all metal 
electrical enclosures, frames, wireways, and con- 
duits must have good ground continuity. 

The relationship between the system ground and 
the equipment ground is shown in Figs. 5-18 and 
5-19. Because of the misunderstanding of ground- 
ing theory, the subtle but important differences are 
often overlooked even by experienced journeymen. 


GROUND FAULT CIRCUIT INTERRUPTERS (GFCI) 


The importance of a good grounding system in 
electrical wiring cannot be overemphasized. 
However, in certain situations good grounding is not 
enough. Too many individuals have lost their lives 
from improperly maintained or imperfect grounding 
of electrical equipment. Such a situation exists 
whenever defective, worn, or misused equipment 
is handled by the operator, especially in damp or 
wet areas. 

Although properly rated fuses and/or circuit 
breakers normally provide adequate protection of 
equipment against overloading, faults, and short- 
circuits, they do not entirely protect people using 
such equipment. For this reason, the NEC requires 
GFCI protected circuits at the following: 

1. ALL 125 V, single-phase, 15 and 20 A recep- 
tacles in bathrooms and outdoors where there 
is direct grade access. This requirement also ap- 
plies to bathrooms in motel guest rooms. 
Unfinished basement receptacles. 

All kitchen countertop receptacles. 

Crawl spaces, if at grade or below grade. 


> O p 


SHORT CIRCUIT 
INSIDE DRILL 


EQUIPMENT GROUNDING 
CONDUCTOR 


Fig. 5-17. Schematic examples of how an equipment ground works. A—Path current will take during a 

ground fault when there is a proper equipment ground. B—How equipment grounding protects tool use. 

Current follows grounding conductor back to ground. Otherwise current could pass through worker's body 
to ground. (OSHA) 
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SERVICE PANEL 
GROUNDING AND BONDING 


FROM TRANSFORMER 


NEUTRAL FROM SERVICE 
TRANSFORMER GROUNDED 
AT TRANSFORMER 


PHASE CONDUCTORS 


BOND CONDUITS 


NEUTRAL BAR 


GROUNDING 
BAR 


BOND GROUND 
TO NEUTRAL 
ONLY AT THE 
SERVICE PANEL 
SYSTEM GROUND 


BOND TO FRAME 


EQUIPMENT GROUND GROUNDING 


ELECTRODE CONDUCTOR 


GROUNDING WEDGE 
OR GROUNDING BUSHING 
EQUIPMENT GROUND 


METAL RACEWAY 


Fig. 5-18. Service panel sketch shows methods of bonding 
and grounding. Note differences in equipment and system 
grounding. 


SUB-PANEL 
GROUNDING & BONDING 


GROUNDING TO SERVICE PANEL 
CONDUCTOR 
FROM SERVICE PANEL 
EQUIPMENT GROUND 


FEEDER CONDUCTORS 


GROUNDING BUSHING 


GROUNDED CONDUCTOR 
FROM SERVICE PANEL 
NEUTRAL BAR 


BOND METAL 


CONDUITS NEUTRAL BAR 


NOT BONDED TO 
CABINET 


INSULATING STRIP 


BAR 


BOND GROUNDING 
BAR TO CONDUITS 


BRANCH CIRCUIT CONDUITS 


Fig. 5-19. Subpanel! grounding and bonding. Relationship of 
system grounding and equipment grounding is shown. Refer 
to callouts. 
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5. Wet bar sinks. 
6. All 125 V, single-phase, 15 and 20 A recep- 
tacles in garages unless: 
a. Not readily accessible. 
b. Dedicated for a cord-and-plug-connected 
fixed appliance. 
All 120 V, single-phase, 15 and 20 A recep- 
tacles which are not part of permanent wiring 
(such as those used for temporary power dur- 
ing construction). 
Requirements may be met by installing GFCI 
breakers or receptacles on the circuits. See Fig. 5-20. 


Fig. 5-20. Ground-fault circuit interrupters are good for extra 
protection. They are available both as circuit breakers and 
receptacles. The device shown here is a GFCI receptacle. 


HOW THEY WORK 


GFCls open the circuit if a current leakage or fault 
(to ground) exceeds 0.006 A, (6 mA). Note, a per- 
son can be electrocuted by a current of only 2 mA. 

Normally, the current going to the appliance or 
device along the ungrounded (‘hot’) wire and the 
current returning to the source along the white or 
grounded neutral conductor are equal. See Fig. 5-21. 


<<a 
5.0 AMPS 


HOT WIRE 


120 VOLTS 


moawncow 


——— 
5.0 AMPS 


NEUTRAL GROUNDED CONDUCTOR 


Fig. 5-21. As shown in the schematic, a balance normally 
exists between the current to and from the load. 
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During a ground fault or short circuit, however, an 
imbalance occurs and the difference represents a 
dangerous shock hazard. See Fig. 5-22. 


HOT WIRE 5.0 AMPS 


+ 4.9 AMPS 


NEUTRAL GROUNDED CONDUCTOR 


Fig. 5-22. When an imbalance occurs between the hot and 
the grounded conductor, a serious danger, called a fault or cur- 
rent leak, is present. Contact with such a fault could be fatal. 


A GFCl, monitoring the circuit, will sense any 
imbalance greater than 6 mA and will immediately 
open the circuit, stopping the dangerous current 
flow. 


ARC-FAULT CIRCUIT INTERRUPTER (AFCI) 


The NEC requires that any 125 V, 15 or 20 A 
branch circuit that supplies devices in bedrooms 
must be protected by an arc-fault circuit interrupter 
(AFCI). The AFCI opens the circuit when an arc fault 
is detected. By detecting arc faults, AFCls will help 
prevent fires from starting. The breaker form of the 
AFCI is similar in appearance to a GFCI breaker. 
See Fig. 5-23. 


Fig. 5-23. AFC! breakers are required in bedroom circuits. 
(Cutler-Hammer) 
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The AFC! detects arcing faults that are not detect- 
ed by standard breakers or GFCls. Typical conditions 
that may generate arc faults include the following: 

. Damaged wires 

. Frayed conductor insulation 

. Loose electrical connections 

. Overheated or otherwise stressed electrical cords 
. Damaged electrical appliances 


ar Wh — 


REVIEW QUESTIONS - CHAPTER 5 


1. List eight safety rules an electrician ought to ob- 
serve when working with electrical equipment 
and tools. 

2. An aluminum ladder should not be used when 
working around electrical wiring. True or False? 

3. Grounding of temporary wiring must be in com- 
pliance with Article of the National 
Electrical Code. 

4. The amount of current passing through the body 
is an important factor to remember in electrical 
shock. A current approaching ___is_ painful 
and possibly severe effects will be experienced. 


SURGE PROTECTOR 


SERVICE EQUIP. 
Cf 


on er 


— e ee oe oe 


ee — eee oe 


Surge protection—Voltage surges of thousands of volts by light- 
ning strikes are not uncommon. Surge protectors, like the one 
shown in the above figure, may be installed at the service 
equipment to prevent damage to the premises wiring system 
and connected devices. The surge protector can be mounted 
directly to the service panel and terminated as shown. 
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5. To aid a victim of electrical shock, list which of 8. Explain what is meant by: 


the following you would NOT do and explain why: a. Ground fault. 
a. Quickly grasp the victim and drag him/her b. Short circuit. 

away from the current carrying material. 9. refers to the connection of all parts 
b. Shut off the power immediately. of a wiring installation to ground or to other 
c. Do not move the victim but immediately give systems that are well grounded. 

artificial respiration until medical help arrives. Match up the terms in column A with the defini- 
d. If shutoff switch is too far away, use a wooden tions in column B: 

stick to remove victim from current carrying 410. Grounding a. Driven ground rods, 

equipment. electrode water pipes or metal 
e. When there is no danger of shock, check if conductor. framework of structure. 

the patient is breathing. If not, give mouth-to- : 

mouth resuscitation until medical help arrives. 11. ——— Grounding. b. Senses current leak- 
f. Have someone call a doctor or paramedics. 49 Ungrounded ols EL CHIE, dev. 

6. A GFCI breaker or receptacle will open a circuit conductor. c. “Hot” wire. 
ll there is a current leakage to ground fault ia CE d. Connection o electrical 
a. 06A electrodes. system with the earth. 
b. .006 A 44. Grounded e. Neutral or white wire of 
c. .6A conductor. an electrical system. 
d. .2A f. Conductor which con- 
e. Any of the above. nects electrodes to 
7. List three locations where GFCls are required. neutral conductor. 
51 


6 
Wiring Systems 


i 
RECEPTACLE ! ! 
BOX ——+] ! 
= J 
JUNCTION 
Ja BOX 
- = 
! i l 
Conductors for carrying electricity are common- 
ly called wiring. A wiring system includes the wire, | = i 
ite j i i x | WIRING METHOD 
its insulating cover, a protective cover, and connec PRRIERCONGHIGEETS. 
tors which fasten it to an electrical box. See Fig. 6-1. | 
In some systems the protective covering and the anne 
wire are separate. The electrician assembles them BOX ly 
on the job. In other cases, the protective covering ae. a 7 
is installed during manufacture. l TERMINAL. 
Depending on the structure being wired, the elec- BOX Nas? | ' 


aoe : FOR LIGHT vas 
trician may use several different systems. There are j aan 


many from which to choose. 

Regardless of the system of wiring, it is impor- 
tant to have a continuous ground throughout every 
part of the system and every circuit. Refer to 


Fig. 6-1. Simple sketch of wiring system. It is the part of the 
circuit that carries current from source through boxes to load. 


Chapter 5 for grounding requirements. 6. Armored cable (BX or AC). 
7. Nonmetallic-sheathed cable (NM, NMC, UF and 
TYPES OF RACEWAYS AND CABLES USE). 
8. Nonmetallic conduit (PVC). 
As you know from earlier chapters, conductors 9. Surface metal raceway and surface non- 
carry current from one point to another in a circuit. metallic raceway. 
A common 120 V ac circuit will always have two, 10. Electrical nonmetallic tubing. 
three, or more wires in it. One, known as the hot All these systems, Fig. 6-2, are equally adequate 
or ungrounded conductor, carries current. Another, for most normal installations. Some cannot be used 
called a neutral wire, complete the circuit. When where there are unusual hazards such as extreme 
used, a third wire is called the ground wire. moisture, explosive gases, etc. 
Conductors are not only different in application and The system selected depends upon: 


in the way they are carried from place to place or 
protected. The wiring systems most used today are: 
Rigid metal conduit. 

Intermediate metal conduit (IMC). 
Thin-walled conduit known as electrical metal- 
lic tubing (EMT). 

Flexible metal conduit (Greenfield). 
Liquid-tight flexible metal conduit (LTFMC). 


Type of dwelling (style). 

Materials and type of construction used (log, 
concrete, post and beam, platform, etc.). 
Surroundings of dwelling (hot, cold, wet, or dry). 
Cost of the electrical materials. 

Contractor’s preference. 

Local, county, state, and NEC requirements. 
Preference of owner (client). 


ak WNS 
NOORW N> 
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14/3 TYPE NM CABLE 


METAL OR PVC CONDUIT 


SS a 


ARMORED CABLE 


> 


METAL CONDUIT 


ory 


TYPE SE CABLE 


Fig. 6-2. Many wiring systems are available. Each is safe when 
used for purpose designed. National and local codes should 
always be consulted. 


RIGID METAL CONDUIT 


Rigid conduit is galvanized and somewhat similar 
to water pipe. It is used for both indoor and out- 
door applications. The pipe is smooth inside and out 
and can be threaded, reamed, and bent as necessary 
for proper installation, Fig. 6-3. 

Rigid conduit may be cut with a hacksaw or band 
saw and threaded with dies somewhat similar to 
water pipe dies. It must be reamed to eliminate 
rough edges that could damage wires as they are 
pulled through. 

To bend the conduit, we use a tool called a hickey 
or a conduit bender. Bending procedures for this and 
other types of conduit are found in Chapter 8. 

Rigid conduit is available in 10 ft. lengths, and 
diameters of 1/2 in. to 6 in. It usually bears the 
Underwriters Laboratories Inc. label (UL listed) or 
other bonafide testing laboratory label. 


AVOID DAMAGE 


TO CONDUIT ———____ 


WHILE BENDING 


REAMER 


ALL ENDS MUST 
BE THREADED 
AND REAMED 


Fig. 6-3. Rigid conduit must be cut, threaded and reamed 
properly before it is installed. NEC specifies that conduit must 
not be damaged inside or outside during bending or cutting. 
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Conduit is firmly connected to electrical outlet 
boxes, panels, etc., with a threaded locknut and 
bushing. Fittings should maintain continuous ground 
throughout the system, Fig. 6-4. Connections must 
be tight. Conduit must be supported every 10 ft. hor- 
izontally and every 20 ft. vertically. Permitted indoors 
or outdoors, conduit can also be buried in earth or 
embedded in concrete. It can also be placed in cinder 
fill or 18 in. beneath it and where there is no perma- 
nent moisture. Rigid conduit provides an excellent 
equipment ground. Refer to Article 344 of the 
National Electrical Code for additional information on 
use and limitations. 


LOCKNUTS HAVE 
SHARP TANGS THAT 
BITE INTO BOX TO 
PROVIDE GROUNDING 
CONTINUITY 


Fig. 6-4. Connecting rigid conduit requires the use of a locknut 
and bushing firmly tightened onto the pipe thread. (RACO Inc.) 


INTERMEDIATE METAL CONDUIT 


Intermediate conduit (IMC) is permitted for use 
in all atmospheric conditions and in all types of oc- 
cupancies. Like its rigid counterpart, it is available 
in 10 ft. lengths. Code allows diameters from 1/2 
in. to 4 in. Again, each length or part of a length must 
be properly connected and joined to other lengths 
or enclosures using the right fittings. Both threaded 
and no-thread types are available. They are shown 
in Chapter 7, Boxes, Covers, and Fittings. 


EMT OR THIN-WALL CONDUIT 


Thin-wall is called electrical metallic tubing or 
EMT. It is almost identical to rigid conduit or IMC 
except that the pipe walls are thinner. This makes 
it lighter and extremely difficult to thread. Therefore, 
EMT is not threaded but is connected length-to- 
length or to electrical boxes with suitable pressure 
couplings or set screw couplings and connectors. 

EMT is cut, bent and reamed the same as rigid 
conduit. EMT is manufactured in trade sizes 1/2 to 
4 in. with 1/4 in. increments from 1/2 to 1 1/2 in. 
sizes. Increments of 1/2 in. are produced in 1 1/2 in. 
to 4 in. conduit. The 4 in. size is the maximum 
permitted. 
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CONDUIT FILL 


Everybody involved in doing electrical wiring must 
be familiar with the subject of conduit fill. It is a basic 
Code requirement that when three or more conduc- 
tors are used in conduit, the fill for the most part, 
must not exceed 40 percent of a conduit’s cross-sec- 
tional area. See Fig. 6-5. The percentage applies to 
both new and old work and to all conduit: rigid, IMC, 
EMT, and nonmetallic. Refer to Chapter 9 of the 
National Electrical Code. 


ALLOWABLE NUMBER OF THHN WIRES IN RIGID 
METAL CONDUIT 


Wire Size 

(AWG) 1/2” 3/4” 1” 11/4” | 11/2” 2” 
12 9 16 26 46 62 102 
10 6 10 17 29 39 64 
8 3 6 9 16 22 37 
6 2 4 7 12 16 27 
4 1 2 4 7 10 16 
3 1 1 3 6 8 14 
2 1 1 3 5 7 11 
1 1 1 1 4 5 8 
1/0 1 1 1 3 4 Y 
2/0 1 1 2 3 6 
3/0 1 1 1 3 5 
4/0 1 1 1 2 4 


Fig. 6-5. Code sets the number of wires which can safely be 

installed in all types of conduit. Rule guards against damage to 

wires and to their insulation while they are being pulled 

through the conduit. Note that the chart refers to THHN wires 

in rigid metal conduit. Refer also to NEC Chapter 9, Tables C1 
through C12. 


FINDING CONDUIT SIZE 


Wires of the same size. When all conductors are 
the same size, finding the conduit size is easy. 
Tables in Appendix C of the Code list the allowable 
fill for 1/2 to 6 in. conduit with conductors up to 
2000 kcmil. 

For example, if seven No. 12 (AWG) THHN con- 
ductors are to be run in a conduit, Table C2 shows 
that 1/2 in. conduit is permitted. Suppose that you 
wanted to use four No. 6 RHH conductors. Table 
C2 indicates that a 1 1/4 in. conduit would meet 
the requirement. 

Wires of different size. When three or more con- 
ductors of different sizes are to be pulled into a con- 
duit, the conduit size can be determined with the 
aid of National Electrical Code Tables 4-8, Chapter 
9. The overall guide, as before, is the ‘’40 percent 
fill rule.” 

As an example, suppose you needed to know the 
conduit size necessary for enclosing four No. 10 
THHN and six No. 12 TW conductors, as shown 
in Fig. 6-6. You would follow these steps: 
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THREE OR 
MORE 
CONDUCTORS 


Fig. 6-6. Code allows only 40 percent of conduit’s cross- 
sectional area to be filled. Check tables in Chapter 9 of Code. 


1. Determine the cross-sectional areas of the con- 
ductors from Table 5. 
No. 10 THHN = 0.0211 sq. in. 
No. 12 TW = 0.0181 sq. in. 


2. Multiply by the number of conductors of each 
size to find the total area. 

4 No. 10 THHN = 4 x 0.0211 = 0.0844 

6 No. 12 TW = 6 x 0.0181 = 0.1086 

Total = 0.1930 

3. Refer to Table 4. Under the column “Over 2 


wires 40%” you will find that 0.22 sq. in. is 
40 percent fill of a 3/4 in. conduit. Since 
0.1930 is less than that figure, you will select 
that size of rigid metal conduit. 


PULLING WIRES 


To pull wires through conduit you will need an 
electrician’s fish tape. See Chapter 4, Tools for the 
Electrician. 

Wires are only pulled through after all conduit is: 
1. Connected to all outlet boxes. 

2. Thoroughly tightened. 
3. Checked for burrs which could damage the 
insulation on the wire. 


FLEXIBLE METAL CONDUIT (GREENFIELD) 


Actually, this type of conduit is the same as flex- 
ible armored cable described later. However, there 
are no wires in it. Also, it does not protect the con- 
ductors from weather conditions as well as the 
nonflexible conduits. It is only used indoors and in 
very dry locations. 

Greenfield is routed and attached as if it were 
nonflexible conduit; but it has the advantage of 
bending without using tools such as conduit bender. 

There are special couplings, locknuts, and 
bushings for attaching Greenfield. The wire is fished 
through as with other conduit. 

One important requirement should be noted when 
using Greenfield. A grounding wire— green insulated 
or bare—must run from outlet box to outlet box and 
back to the service entrance. 


Wiring Systems 


Frequently Greenfield is used with EMT or rigid Use of LTFMC requires use of some special fit- 

conduit. It is substituted where bends are needed. tings and connecting procedures. See Figs. 6-7 
Instead of making complicated bends and angles in through 6-13. 
EMT or rigid conduit, a section of Greenfield can 
be inserted. There are special bushings, locknuts, 
and couplings to connect Greenfield to the other 
forms of conduit. 


LIQUID-TIGHT FLEXIBLE METAL CONDUIT (LTFMC) 


This type of conduit is similar to Greenfield, but 
is covered with a continuous plastic sheath. This 
system of wiring is becoming more and more 
popular. 

In 1975, the Code made several rules regarding 
its application which vastly increased its use: 

It can be used where hazardous conditions exist. ‘ 
2. It can be concealed or left exposed, particular- Fig. 6-9. Secure connector tightly to conduit. 
ly where operation and maintenance of the ago EEEIEE 
system requires flexiblity and protection from 
liquid or gaseous fumes. 
3. Sizes from 1/2 in. through 4 in. are permitted. 
4. The number of conductors allowed in a single 
conduit must follow the percentage of fill out- 
lined in Table 1, Chapter 9, of the National Elec- 
trical Code. 
5. It must be secured every 4 1/2 ft. and within 
12 in. of every box and fitting. 

Although not used for general wiring, LTFMC has 
some distinct advantages. Because of its extreme 
flexibility, it can be used to connect machinery 
which is portable and/or which vibrates during BOT: Fig. 6-9. Sealing gasket assures a liquid-tight connection. It 
mal operation. It is also permitted as a service wir- seals out oil, dirt, dust, and chemicals. 
ing method up to 6 ft. in length. (Appleton Electric Co.) 


Fig. 6-7. Installing the LTFMC end fitting (connector) onto the conduit. A—Slide compression nut with captive floating 
sleeve over conduit. B—Use connector body to help thread nylon ferrule into inner wall. 
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ys No. 1 AWG. They may be copper clad aluminum 
or aluminum. Another name for it is BX cable. 

Armored cable also contains an internal bonding 
strip which is in continuous contact with the armor. 
Thus, the cable is suitable as an equipment ground- 
ing means. 

The use of AC or BX cable is generally limited to 
dry locations where it would not be subject to 
physical damage. Thus it may be used in masonry 
Fig. 6-10. Insulated throat of this connector provides an ex- block, tile walls, as well as along studs, rafters, joists, 
cellent buffer against wire damage. This is especially helpful in attics, and in wall spaces. 

when electrical connections ar made to vibrating units. At each place where the conductors extend 

(Appleton Electric Co.) ; ‘ ‘ . 
beyond the armor jacket, at junction boxes or device 
boxes, etc., a red insulating bushing must be in- 
stalled so that it is visible to inspection. This bushing 
protects the conductor insulation against damage 
from the edges of the armor jacket. 

The cable must be secured by approved staples, 
straps, or hangers at least every 4 1/2 ft. and within 
12 in. of each outlet box, junction box, or enclosure. 
Also, care must be taken not to bend type AC cable 
so that the curve would be less than five times its 
diameter. Figs. 6-14 and 6-15 illustrate installation 


Fig. 6-11. The insulated throat connector from Fig. 6-12,as techniques. 
it appears when installation is complete. 


—_—— 1 
E 
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Fig. 6-12. After cutting conduit to length, install compression 
nut A first. Then thread ferrule B into the conduit. Finish prepar- 
ing connector body C. (Appleton Electric Co.) 


Fig. 6-14. Method of attaching BX or armored cable con- 


nectors. 


SETSCREW 


Fig. 6-15. When the setscrew is tightened down, cable will 
be bonded to BX and box. 


Armored cable is expressly forbidden for use in: 
1. Commercial garages. 
Fig. 6-13. Liquid-tight connector with grounding lug. An in- 2. Hoistways, elevators, or cranes. 


ner flexible metal conduit with an outer plastic coating makes 3. Theaters or motion picture studios. 
the conduit leakproof. The lug provides external grounding. 


NONMETALLIC SHEATHED CABLE 
ARMORED CABLE (AC) 
Nonmetallic sheathed cable has two, three, or 
Type AC cable is a manufactured assembly of more insulated conductors wrapped in a strong 
conductors in a ribbed flexible metal tubing. The plastic or braided outer sheath. Often included is 
conductors range in size from No. 14 AWG through a bare copper ground wire, Fig. 6-16. 
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B 


Fig. 6-16. A—Type NM cable with grounding conductor is 

often called Romex. It is very similar to NMC and is a very 

popular method of wiring residences. B— Type UF cable is used 

indoors or out. It is moisture and corrosion resistant and is 
suitable for direct burial underground. 


CABLE TYPES 


Type NM cable may be used only in dry locations. 
If it becomes damp or wet, the outer plastic braid 
or jute may be destroyed. 

Type NMC is used in either dry or wet locations. 
Its tough outer plastic cover is waterproof. Never 
place it in direct contact with the ground. 

Type UF nonmetallic cable can be buried directly 
below grade. For this reason, it is more properly 
classified as underground feeder cable. In addition, 
it can be used for any purpose suitable for NM or 
NMC. Thus, it is suitable as a branch circuit cable. 

Type USE (underground service entrance) cable 
is used to connect the house service with the power 
company’s pole. It may be used indoors, out-doors, 
above or below ground. Tough and durable, it is the 
most versatile of wiring cables. 


ELECTRICAL NONMETALLIC TUBING (ENT) 


A relatively new type of plastic corrugated 
raceway is now recognized for general use by the 
NEC under Article 362. ENT is readily available in 
trade sizes of 1/2, 3/4, and up to 2 in. See Fig. 
6-17. It is highly resistant to fire, moisture, and a 
variety of chemical substances. It can be used in 
almost any building or dwelling regardless of height 
and can be concealed behind walls, above ceilings, 
or embedded in concrete. It can be used in damp 
or corrosive conditions. Being lightweight and flex- 
ible, it is easy to handle. The various connectors, 
couplings, and fittings are attached with a plastic 
bonding cement. 

There are some restrictions and limitations with 
its use: 

Not for hazardous material. 

Cannot be left exposed, with some exceptions. 
Not to be used as supportive means. 

Not permitted for direct burial application. 

Not for voltage exceeding 600 V. 
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Fig. 6-17. In industry, this type of ENT is often referred to as 
“smurf.” 


RIGID NONMETALLIC CONDUIT 


Nonmetallic conduit looks like metallic conduit. 
PVC (polyvinyl chloride), as it is commonly called, 
is corrosion-proof and may be placed underground 
as well as above grade, indoors and out, Fig. 6-18. 
It weighs much less than metal pipe. It is designed 
to be used everywhere that other types of conduit 
are used. It is only restricted in certain hazardous 
locations and where it could be physically damaged. 
Check to see if local code permits its use. Do not 
use it to support fixtures. 

PVC is easily worked. It can be bent using special 
bending boxes with heating elements, to warm the 
conduit. This allows it to be easily bent by hand, 
using a simple bending ‘‘jig.’’ Preformed bends may 
also be obtained. 


Fig. 6-18. Various types of rigid nonmetallic conduit. A—Type 

A is used primarily for underground installations. B— Schedule 

40 PVC and Schedule 80 PVC can be used either above ground 
or below ground. (Carlon, an Indian Head Co.) 
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CAPACITY 


Nonmetallic conduit can hold the same number 
of wires as metallic conduit. Refer to NEC Table 4, 
Chapter 9 of the Code. 

To install PVC, all that is needed, besides the 
bending apparatus, are the proper connectors and 
fittings along with the solvent-cement. 


SPECIAL NOTES 


You must run grounding wire along with the conduc- 
tors and bond these to the devices, metal boxes, etc., all 
the way back to the main panel grounding bus. Also, 
PVC must be supported more frequently than metallic 
conduit due to its “ flexibility” Refer to Table 352.30(B) 
of the National Electrical Code. 

PVC can be used with nonmetallic boxes and fix- 
tures, creating a virtually moisture proof electrical sys- 
tem, a real plus in damp areas like farm buildings. 
However, PVC is toxic when heated. This may, in time, 
limit its use in certain locations. See Article 352 of the 
National Electrical Code. 


SURFACE METAL RACEWAY AND SURFACE 
NONMETALLIC RACEWAY 


Surface metal raceway is an assembly of two 
metal sections, a base and a cover that are generally 
rectangular or a flattened oval. Sections are 10 ft. 
Jong and range in height from 3/8 to 3 in. and from 
1/2 to 4 in. wide. 

This raceway is mounted on wall or ceiling sur- 
faces only in dry locations and where it will not be 
subjected to physical damage. Elbows, connectors, 
couplings, and boxes are designed to be electrically 
and mechanically continuous and compatible. 

Splices and taps are permitted as long as fill does 
not exceed 75 percent at the splice or tap point. 
Metal raceway may also extend unbroken between 
floors, partitions and walls providing locations are 
dry and not subject to damage. 

Surface nonmetallic raceway is constructed of 
material such as PVC which resists moisture, im- 
pact, crushing, heat distortion, and low-temperature 
damage. See Fig. 6-19. 


REVIEW QUESTIONS — CHAPTER 6 


1. Name five key factors which determine the 
wiring system used for a particular installation. 

2. When wiring with rigid metal conduit a ground- 
ing conductor is required. True or False? 

3. When rigid conduit is cut, it is important that 
it be to remove any sharp burrs 
which could damage the during 
wire installation. 
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Couple raceway to fitting base by slipping 
tongue of fitting under the base of raceway. 
Do not mount more than one fitting base at 


Ve 


Fasten base to surface. 


a time. Sequence should be base, raceway, 
base, raceway etc. 


RACEWAY 
LENGTH 


DISTANCE 
BETWEEN 
BASES 
Determine location of next fitting. Measure Pull wiring in. (Use bushing to protect wires 

and cut raceway. Install fitting base and from abrasion). 
raceway as in steps 1 and 2 above. 


Remove proper twistouts in fitting cover(s} Install fitting cover(s) over raceway and fasten 
with pliers. Twist inward as shown. to fitting base with screws provided. 


Fig. 6-19. Steps for installing surface raceways. 


4. Explain how rigid conduit is anchored to elec- 
trical boxes. 
5. Intermediate metal conduit is commonly sold in 
which of the following lengths? 
3 ft. 6 ft. 8 ft. 10 ft. 12 ft. 
6. The number of wires that a conduit can carry 
is governed by (select most correct answer): 
a. Number that can be easily pulled through 
the conduit. 
b. Never more than four (two hot wires, 
neutral wire, ground wire). 
c. National Electrical Code sets limits for size 
of conduit. 
7. Flexible metal conduit is also called 
, and is used only in very dry 
locations. 
8. LTFMC stands for 
9. Another name for BX is 


10. List four places where BX cannot be used. 
11. Using Fig. 6-5, calculate the number of No. 12 
THHN wires permitted in 1/2 in. conduit. 
12. Which article of the NEC outlines rules regarding 
rigid metal conduit? 
13. The following are types on nonmetallic- 
sheathed cable. Where is each used? 
NM NMC UF USE 
14. Nonmetallic conduit, also known as 
, IS Corrosion proof and may be 
placed as well as 
grade. 
15. Which article of the NEC outlines rules regarding 
rigid nonmetallic conduit? 


National Electrical Code® and NEC® are Registered Trademarks of the National Fire Protection Association,Inc., Quincy, MA. 


Boxes and covers house and protect electrical con- 
ductors and electrical devices. Boxes make tight con- 
nections with conduit or cable assemblies and keep 
exposed conductors away from combustible building 
materials. Boxes also protect people from accidental ex- 
posure to shock. They also provide pull points and 
splice locations. 

The NEC requires the housing of all joints, connec- 
tions, and splices inside approved enclosures, Fig. 7-1. 
See Article 314 of the Code for more information. Other 
references to the Code will be made later. 


Fig. 7-1. Boxes are required by Code to enclose junctions where 
wires are spliced or where they connect to fixtures or devices. 
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Boxes, Fittings, 
and Covers 


BOX CONSTRUCTION 


Boxes may be constructed of metal, plastic, or 
fiberglass. They must be strong enough to with- 
stand the stresses put on them during installation 
and resist bending or twisting while holding fixtures 
or devices. 


BOX SHAPES 


There are four common box shapes in use today, 
Fig. 7-2: 
Square. 
Octagonal (eight-sided). 
Rectangular. 
Circular. 


pS se 


Fig. 7-2. There are four basic shapes for electrical boxes. 
A— Square, generally used as switch or junction box. B—Octag- 
onal, generally used for ceiling boxes. C—Rectangular, pre- 
ferred for wall receptacles and switches. D— Round, used on- 
ly for fixtures such as ceiling lights. (Appleton Electric Co.) 


Each of these shapes is made in various widths, 
depths, and knockout arrangements. Metal boxes 
usually have a galvanized (zinc coating) finish. They 
can be used for either concealed or open work 
where there are no explosive or flammable vapors 
present. Special types are made weathertight for 
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outdoor applications. Others are produced specifi- 
cally for hazardous locations. 


TYPES AND USES 


Some electricians separate types of boxes by 
usage: 


1. Ceiling boxes intended for ceiling fixtures and 
usually mounted on or between beams or joists. 
Boxes may be square, octagonal or round. 

2. Wall boxes for housing switches and recep- 


tacles. Usually rectangular, these boxes are 
generally mounted on studs in frame buildings 
or set into masonry walls. Special masonry 
boxes are shown in Fig. 7-3. Common boxes 
range in size from 1 1/2 to 3 1/2 in. deep, 2 in. 
wide, and 3 in. high. 


FLANGES 


SINGLE GANG 


TWO GANG 


Fig. 7-3. Masonry boxes have special flanges across face for 
attaching devices. 


3. Junction or pull boxes can be either of the fore- 
going types. These are installed wherever con- 
ductor splices or pulls must be made in a location 
not appropriate for a switch, receptacle, or fix- 
ture. In most cases, splices can be planned where 
an electrical device will also be installed. Itis less 
expensive to install alarger box for the extra wir- 
ing than to install a separate box for the junction. 
Electrical boxes used strictly as junction boxes 
must be covered with a solid plate of the same 
material as the box. See Fig. 7-4. 


PULL BOXES 


Pull boxes are boxes sometimes installed with con- 
duit. Their sole purpose is to provide a place from 
which to pull wires. A fish tape is inserted at the box. 
Any type or shape of box is suitable as a pull box. 


HANDY BOX 
When surface mounting is necessary or required, 


a modified form of box is used. These boxes are 
seamless and have rounded corners to prevent in- 
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Fig. 7-4. When a box is used to house only a splice or splices 
it should be closed up with a solid cover of the same material. 
It must also be accessible. 

(Allied Moulded Products Inc.) 


juries. Sometimes these modified boxes are referred 
to as ‘‘utility boxes” or “handy boxes.” One is 
shown in Fig. 7-5. 


KNOCKOUTS AND PRYOUTS 


Boxes are designed with great flexibility. Wires 
can be brought in from any side. Some ceiling boxes 
also contain a knockout which can be removed to 
receive a lug for mounting fixtures. 

There are two basic styles of knockouts. One is 
made by scoring the material in such a way that only 
a thin layer holds the knockout in place. A sharp 
tap with a hammer will remove it or break it loose 
so it can be grasped and removed with a pliers. In 
the second type the knockout is cut all the way 
through except for one or two spots. These knock- 
outs can be removed with a screwdriver and pliers. 
Some have a slot for inserting the blade of a 
screwdriver. A sharp twist will remove them. This 
type is called a pryout. See Fig. 7-6. 

Knockouts may be removed to provide an opening 
for a cable, conduit, or fitting. Snap in seals or 
special plates are available for covering unused 
Knockout openings, Fig, 7-7. Refer to Section 314.17 
in the NEC. 


Fig. 7-5. Handy box, also known as utility box, is designed 
for surface mounting. Corners are rounded for better ap- 
pearance and to avoid injury. (Appleton Electric Co.) 


A 


Fig. 7-6. Removing knockout. A—Prying out with twist of 
screwdriver blade inserted in slot. B—Tapping with hammer 
and screwdriver. 


Fig. 7-7. Knock out seal. These are installed in unused open- 
ings of boxes where knockouts have been removed. 
(Electroline Mfg. Co.) 


GANGING BOXES 


As shown in Fig. 7-8A, some switch boxes are 
designed to be ganged (joined together) to form 
double, triple, or more device accommodations. 
Boxes with removable sides can be used for this 
purpose. 

To set up a ganged box, remove adjoining sides 
from the two boxes by removing the small screw 
holding the side plate. Join the boxes and fix them 
together by reinstalling the screw, Fig. 7-9. Dou- 
ble, triple or even larger boxes are available mak- 
ing ganging unnecessary. However, most codes 
allow ganging and it may be done when a large box 


METAL BOX 
TWO-GANG 


SCREW 
HOLDS “ 
SIDE PLATE 


aá 
a 


FIBERGLASS 
THREE-GANG 


is not handy. Nonmetallic boxes are one piece and 
cannot be ganged. Larger sizes must be used when 
several switches or outlets are to be mounted at one 
location. Fig. 7-8B shows multigang box design. 


BOX MOUNTING SYSTEMS 


Boxes must be securely fastened to a structural 
member of the wall, ceiling or floor of the dwell- 
ing. Wall boxes are normally mounted to studs with 
nails, brackets, or both. Ceiling boxes are fastened 


Fig. 7-9. Steps for ganging up two or more single metal elec- 
trical boxes. A—Two boxes to be joined. Note that in this type, 
screws and tangs hold sides. B—Remove one side of both 
boxes oy backing off screw. C— Attach boxes and tighten 
screw over slotted edge at each end. D—Ganging of boxes is 
completed. Extra sides are discarded. 


FIBERGLASS 
TWO-GANG 


FIBERGLASS 
FOUR-GANG 


Fig. 7-8. A—Some boxes have removable sides so several boxes can be ganged (joined together). Remove screw 


and discard side. B—Multigang boxes are also manufactured. 
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directly to joists or to wood or metal brackets which 
bridge the joists. Some brackets have built-in 
fasteners which bite into the wood frame when 
struck with a hammer. Fig. 7-10 and Fig. 7-11 


BRACKET DESIGNED FOR MOUNTING ON FACE OF 
STUD. EXTRA LENGTH ALLOWS OFFSETTING 
FROM STUD TO CLEAR DOOR FRAME. TYPE AT EX- 
TREME LEFT HAS SELF-ATTACHING CLEATS. 


SIMPLE FLAT BRACKET FOR SIDE MOUNTING. VERY 
RIGID DESIGN, EASY TO INSTALL, HUGS STUD. 


BRACKET ANGLED TO FIT 
SNUGLY TO FACE AND SIDE 
OF STUDDING. STRONGEST 
BRACKET AVAILABLE WHEN 
NAILS DRIVEN BOTH WAYS. 
RESISTS STRAIN OF MARK- 
ING OPERATIONS USED 
WITH DRYWALL. 


BOX WITH DETACHABLE 
PLASTER EARS AND GRIP- 
TIGHT BRACKETS ARE HANDY @ 
FOR REMODELING OF OLD 
ELECTRICAL WORK. 


Fig. 7-10. Various brackets are designed to make boxes easy 
Some have their own 


to attach to building frame. 
fasteners. (RACO Inc.) 


Fig. 7-11. Barhanger with octagonal box attached. This type 
of bracket is used to mount boxes between ceiling joists. 
However, it is not suitable for supporting paddle fans. 
(Appleton Electric Co.) 


show different arrangements of brackets. Another 
bracket design for plastic boxes is shown in Fig. 
7-12 below. 


NONMETALLIC BOXES 


Plastic, polyvinyl chloride (PVC), and fiberglass 
boxes are particularly popular. This type of box, 
shown in Fig. 7-12, is used only with nonmetallic 
cable and conduit. 

Plastic and fiberglass boxes are rugged, light- 
weight and resist corrosion. Further, their brackets 
make it easy to position and mount them to wood 
or metal structural members. Since cable clamps are 


Fig. 7-12. Popularity of nonmetallic boxes is growing. A— 
Fiberglass box using captive nail attaching system. B— 
Knockout of fiberglass box is thin portion of box and is broken 
out with a sharp tap from a screwdriver. 
(Allied Moulded Products, Inc.) 
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CABLE STAPLES FITTINGS FOR RIGID 
CONDUIT sce al 


FITTINGS FOR 
THINWALL « wr, 
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SERVICE ENTRANCE 
FITTINGS 
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SERVICE INSULATORS 
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FITTINGS FOR ARMORED 
CABLE (BX) AND FLEXIBLE 
STEEL CONDUIT icacenrieroy 


COMBINATION 
COUPLINGS 


FITTINGS FOR NON 
METALLIC SHEATHED 
CABLE nru. AND 


SERVICE 
ENTRANCE CABLE 


Fig. 7-13. Fittings for electrical wiring. Many are used with or on electrical boxes. (Electroline Mfg. Co.) 
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not required in the single gang box, an additional 
conductor can be accommodated. Perhaps the 
greatest advantage is that no grounding connection 
is needed to the box, itself, as with metal boxes. 


FITTINGS 


Fittings are parts of a wiring system which are 
designed to interconnect conduit, conductors, or 
boxes. They include accessories such as box ex- 
tensions, clamps, ground clips, connectors, 
bushings, locknuts, nipples, couplings, conduit 
bodies, and holding devices. Many of these pro- 
ducts are shown in Fig. 7-13. Refer also to Chapter 
6 for information on conduit and cable connectors. 


BOX EXTENSION RINGS 


Extension rings are actually boxes without bot- 
toms. They are used to: 


1. Provide additional space when extra depth is 
needed such as to add more wires. 

2. Bring a box flush to the wall or ceiling surface 
when the box has been mounted too deep. 

3. Assist in remodeling job when the electrician 


wants to add surface wiring. 
Flanges on the extension ring provide a method 
of fastening it to the box. The ring must be of the 
same size and shape as the box. See Fig. 7-14. 


FLANGE FOR 
FASTENING 
TO BOX 


Fig. 7-14. Box extension ring adapts boxes for greater depth 
and capacity. It mounts to boxes and is fastened through 
flanges and tapped holes. 


CONNECTORS AND CLAMPS 


Connectors and clamps are fittings which secure 
conductors to an electrical box. A number of con- 
nectors are shown in Fig. 7-15 through Fig. 7-18. 
These fittings are available in straight, 45°, and 
90° angles. Some have a screw which can be 
turned down to apply holding pressure on metal 
coverings or conduit. Others use a clamping device 
which will not damage the fabric of softer cable 
coverings. The clamping action prevents the cable 
conductors from being separated or pulled from the 
electrical box. 
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HUBS 
PRESSURE CAST ZINC RAINTIGHT 
INSULATED THROAT 


GROUNDING 
HAVE SCREW THAT BITES 
INTO STEEL BOX. PREVENTS 
LOSS OF GROUND FROM 
VIBRATION, ETC. 


LOCKNUTS 
INSULATED THROAT 
CONNECTORS 


SET SCREW 
STEEL CONCRETE TIGHT 
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Fig. 7-15. Fittings for intermediate conduit (IMC) may be 
either threaded or no-thread type. (RACO Inc.) 


THREE PIECE COUPLINGS 
MALLEABLE IRON 


Fig. 7-16. EMT (thinwall conduit) may be extended or con- 

nected to boxes by various types of fittings. For one type a 

special tool called an indenter is needed. A—Indenter type fit- 

tings and special tool to install them. B— Compression type fit- 

tings tighten onto conduit as nut is turned on. C—Setscrew 
type fittings. 


BOX CONNECTORS 
SCREW-IN SQUEEZE TYPE 


Fig. 7-17. Greenfield (flexible conduit) connectors. Two 90° 
types are shown above. Note that insides are smooth to pre- 
vent damage to wires as they are pulled through fittings. 
(RACO Inc.) 


Fig. 7-18. BX or armored cable connectors commonly use 
setscrews to assure a tight connection between fitting and 
cable covering. (RACO Inc.) 


Box connectors used with metal clad cable are 
designed to provide a continuation of the ground 
between the box and the metal covering. Many 
boxes have built-in cable clamps. When such boxes 
are used, no other connector is needed. See Fig. 
7-19 and Fig. 7-20. A clamp intended for 
nonmetallic cable is shown in Fig. 7-21. It is attach- 
ed to the box through one of the knockouts and is 
fastened with a locknut. Note installation instruc- 
tions in the illustration. 


CONDUIT BODIES 


Certain of the conduit fittings are necessary 
wherever conduit is being run on the job. Connec- 
tors and couplings are in this category. Another 
group of fittings called ‘‘bodies’’ is handy to have 
when working in areas where space is restricted. 
The second column of Fig. 7-13 and Fig. 7-22 show 
a number of different conduit bodies. 

Wire pulls must be made after the raceway system 
is completed. Conduit bodies, as well as boxes, may 
be used as splice or pull points. Manufacturers must 
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Fig. 7-19. Some boxes have built-in clamps (arrow) to hold 
armored cable or nonmetallic cable. 
(GE Wiring Devices Dept.) 


FOR NONMETALLIC CABLE 
IN SQUARE CORNER 
SWITCH AND OUTLET BOXES 


FOR NONMETALLIC 
CABLE IN BEVELED 
CORNER SWITCH BOXES 


RAN) 


FOR NONMETALLIC 
CABLE IN SHALLOW 
OUTLET EOXES 


a5 


FOR METALLIC CABLE IN SWITCH 
AND OUTLET BOXES EXCEPT 
SHALLOW OUTLET BOXES 


FOR NONMETALLIC 
CABLE 


Fig. 7-20. Clamping devices are used to prevent strain on wire 
connections made to outlets or switches. Top. Boxes with 
clamping devices. (RACO Inc.) Bottom. Different clamp designs 
are suited to different types of cable. (Electroline Mfg. Co.) 


mark bodies for cubic inch capacity. Fig. 7-22 shows 
common conduit bodies. Connections may be 
threaded or compression type or set screw. 


Modern Residential Wiring 


GROUND CLIP OR SCREW in tight electrical contact with the box when it is 

hooked over the edge of the box. The ground screw 

A ground clip or ground screw serves to bond threads into a drilled and tapped hole in the back 
a ground wire from a nonmetallic cable to the elec- or the side of the box. Fig. 7-23 shows both types. 

trical box. The bonding is required only on metal 

boxes. The clip is a spring device that holds the wire 


LOCKNUT 


FITTING 
SCREWS 


CLAMPING 
DEVICE 


GROUND 
CLIP 


Fig. 7-23. Nonmetallic cable must have a grounding wire. 

When used with a metal box, the ground wire must be attached 

to the box. Left. Attachment by ground screw (arrow). (GE 
Wiring Devices Dept.) Right. Ground clip. 


BUSHINGS 
1. Remove locknut and push fitting into knockout hole in box. x 5 F 
Screw on locknut and tighten by tapping with screwdriver. NEC requires a grounding bushing wherever con- 
2. Cut cable to desired length with wire cutter. i H 
3. Pull cable through fitting into the box. Cable leads should duit enters a nonthreaded eye JIN on a box. The 
extend approximately 6’’ to 8” into box. conduit is secured on the one side by a locknut and 
4. Tighten screw or screws on fitting to secure the cable. on the other by a locknut and grounding bushing. 


Some grounding bushings have a grounding lug 
Fig. 7-21. Clamp for nonmetallic cable and how to install it. where a grounding wire can be attached. Fig. 7-24 
(Electroline Mfg. Co.) shows several types of ground bushings. 


FILL ALLOTMENT 


Fill allotment refers to the number of conductors 
the Code will allow in certain sizes cf boxes. Article 
314 of the Code outlines how outlet, switch, and 


junction boxes are to be used. It is very specific 
about the number of conductors permitted. Fig. 7-25 


summarizes the NEC requirements of NEC Table 
= ae 


Fig. 7-22. These conduit bodies take the place of bends in Fig. 7-24. Bushings are used to assure good ground between 
conduit and allow “T” junctions and points for pulling wires. conduit and boxes. Note that some have lugs for attaching a 
They are preferred where space is limited. ground wire. (Electroline Mfg. Co.) 
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Boxes, Fittings, and Covers 


CONDUCTOR ALLOTMENT—METAL BOXES 


WIRE SIZE 


10 


BOX SIZE TYPE 


4x1 1/4 round or octagon 


4x1 1/2 round or octagon 


4x2 1/8 round or octagon 


4x1 1/4 square 


4x1 1/2 square 


4x2 1/8 square 


411/16 x 1 1/4 square 


411/16 x 1 1/2 


square 


4 11/16 x 2 1/8 square 


device 


3x2x1 1/2 


device 


Bee xe 


device 


3x2x2 1/4 


3x2 x2 1/2 device 


device 


3 x2 x2 3/4 


device 


3x 2x3 1/2 


device 


4 x 2 1/8 x 1 1/2 


device 


4x2 1/8 x 17/8 


device 


4 x 2 1/8 x 2 1/8 


Fig. 7-25. This condensed version of NEC Table 314.16(A) 
lists the number of conductors allowed in a box. 


The Code states that electrical boxes shall be of 
sufficient size to provide free space for all conduc- 
tors in the box. The table shown in Fig. 7-26 is used 
to determine correct box size. This table applies 
where no fittings, devices, or grounding wires are in 
the box. Additional space allotment must be made 
when such items are installed. 

For each type of fitting, such as internal cable 
clamps, fixture studs, or hickeys, a deduction of one 
must be taken from the number of conductors listed 
in Table 314.16(A). Likewise, a single deduction is 
made for one or more grounding conductors and a 
double deduction is needed for each mounting strap 
or yoke having devices. Where a combination of con- 
ductors are present, these deductions are based on 
the largest size conductor. 

Example 1: What size box is needed when there 
are four No. 12 AWG conductors, two grounding 
conductors, cable clamps, and a single duplex 
receptacle to be installed? 


6 


7 


ITEM COUNT 
4 #12 conductors 4 
1 or more clamps 1 
1 or more grounding conductors 1 
1 mounting strap 2 
TOTAL 8 


Therefore, we would need a box adequate to 
house the equivalent of eight No. 12 conductors. 
Looking at Table A under the No. 12 conductor col- 
umn, a 4 x 1 1/4 square or 3 x 2 x 3 1/2 device box 
with an 18.0 cu. in. capacity is indicated. 

The same results are achieved by using Table 
314.16(B). Each No. 12 conductor requires 2.25 cu. 
in. free space and 8 x 2.25 = 18.0. This would lead 
us to the same minimum size box. 

Example 2: What size box is needed to install two 
No. 12 conductors, four No. 14 conductors, two in- 
dependently mounted devices, four grounding con- 
ductors and three cable clamps? 

From Table 370-16(b): 


2 #12 = 2 x 2.25 = 45 
4 #14 =4x 2.0 = 8.0 
2 yokes = 4 x 2.20 = 90 
3 demps = 1 x 225 = 225 
4 grounds = 1 x 2.25 = 2.25 
TOTAL 26.0 cu. in. box 


minimum needed 


CONDUCTOR BOX VOLUME 


Fig. 7-26. This table contains box volume required for 
various conductor sizes. Refer to Code Section 314.16 for 
more information. 


Fig. 7-27. Plaster rings are special fittings designed to adapt 
box to certain uses. They can also provide room for additional 


conductors. (Allied Moulded Products, Inc.) 
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Fig. 7-28. Flat and raised switch and outlet box covers. Each is made for a specific device or combination of devices. 
A — Single tumbler switch. B — Duplex receptacle. C — Single receptacle. D — Duplex and single receptacle. E and F — Tumbler 
switch and duplex receptacle. G — Two tumbler switches and duplex receptacle. H — Three tumbler switches and duplex 
receptacle. | — Raised two tumbler switches. J — Raised two duplex receptacles. K — Raised triplex receptacle. L — Raised 
two duplex receptacle. M — Raised tumbler switch and triplex receptacle. N — Raised triplex and duplex receptacle. (RACO Inc.) 


BOX COVERS AND ACCESSORIES 


Plaster rings are special adaptors which can be 
used on either ceiling or wall boxes. They may be 
required because of the small size of some fixture 
canopies. Fig. 7-27 shows several types of plaster 
ring for square and round boxes. 

All switch boxes and outlet boxes must be 
covered. No wiring can be left exposed. Because 
boxes are used for various purposes, there are many 
different kinds of box coverings. Fig. 7-28 shows 
some of them. 


TEST QUESTIONS — CHAPTER 7 


1. Boxes and covers serve to______ — and 
electrical conductors and elec- 
trical devices. 
2. Why must all joints, connections, and splices 
be contained in an enclosure (box)? 
3. List the four shapes of boxes. 
4. Wall boxes house or support (select correct 
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10. 


answer or answers): 

a. Switches and receptacles. 

b. Fixtures. 

c. Splices. 

d. All the above. 

Explain the need for knockouts and pryouts. 
boxes are sometimes designed to 


be joined with other boxes. When boxes are 


joined together they are said to be 
Which of the following are advantages of PVC 
and fiberglass boxes: corrosion resistant, 
lightweight, do not easily break even in ex- 
treme cold, rugged, do not require cable 
clamps. 

are part of a wiring system which 
connect cables to boxes. 
Connectors are available in (straight, 45° 
angles, 90° angles and 15° angles). Indicate 
which statements apply. 
NEC requires a grounding bushing wherever 
conduit enters a nonthreaded opening on a 
box. True or False? 


Boxes and conductors are installed in new con- 
struction while walls are still open. The process is 
called rough-in wiring. 


PLANNING THE ROUGH-IN 


Rough-in should be done working from a floor plan. 
Usually the contractor or owner will supply this. 

Runs should be carefully laid out to conserve 
materials. If properly installed, wiring will not be 
damaged by other construction work or by stresses 
placed on the building or the wiring system. 

If there is no floor plan, the electrician consults 
with the owner or contractor and then makes 
sketches. These will show location of all electrical 
components. There should be enough detail to avoid 
misunderstandings. See Fig. 8-1. 

The electrician can then make a more complete 
sketch known as a cable layout. See Fig. 8-2. 


LOCATING BOXES 


Boxes must be firmly attached to a structural 
member of the wall, ceiling, or floor. Using the com- 
pleted plan, lay out the location of the electrical 
boxes you will need for switches, receptacles, junc- 
tions, wire pulling and light fixtures. Use a marking 
pen or pencil to mark exact location and type of box. 


8 


Installing Boxes 
and Conductors 


Fig. 8-1. Before beginning arough-in, an electrician will prepare 
a rough sketch of a room to indicate location and type of elec- 
trical device required. 


: ALL Torf 
ALINM Cable sw ppu 


Fig. 8-2. A cable layout refines and adds to the information 
given in Fig. 8-1. Locations are approximate, not to scale. 
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Marks are placed on the open frame (studs and 
joists) of the building. 

Electricians have different ways of marking for 
identification. A simple method is to use the stan- 
dard symbols shown in Chapter 11. See Fig. 8-3. 


STANDARD BOX HEIGHTS 


Switches and other devices intended for standard 
elbow height are usually marked at 48 to 52 in. from 
the rough floor. A mark at that height on the side of 
the wall stud will locate the top of the box or its 
center, as preferred. 

Outlet boxes are customarily attached to the stud 
12 in. off the floor. You can mark a tape or rule with 
strips of tape at 12 and 48 or 52 in. or mark these 
points with a felt tip pen. This is a quick way of find- 
ing the correct height for both switch and outlet 
boxes. Some electricians use the handle of their 
hammer to find height of outlet boxes, Fig. 8-4. You 
can also mark the heights on a length of 1 x 2. 


Fig. 8-3. Use aheavy pencil or felt tip marker to mark framing 
for location and type of electrical box. 
(Owens-Corning Fiberglas Corp.) 


ROUGH 
FLOORING 


Fig. 8-4. Height of outlet box centerline can be found by length 
of hammer handle. If handle is more than 12 in. long from head 
to end, use tape to mark it. 


Most electricians lay out a wiring job room by 
room and install boxes before any conduit or cable 
is run. When the boxes are installed, double-check 
their location with the plan. 

It is also a good idea to have the owner approve 
the box locations at this time. It is easier and less 
expensive to move them before the rest of the 
rough-in is done. 


ATTACHING BOXES 


Boxes have many different arrangements for 
fastening, Fig. 8-5. Some of these are shown in 
Chapter 7. Look at Figs. 7-8, 7-10, 7-11, and 7-12. 

Boxes must be carefully positioned. Be careful to 
center ceiling outlets. Brackets, like the one shown 


& 
pdl, 


Fig. 8-5. Various fastening methods are used for attaching 
boxes. A—Box with captive nails in built-in brackets. (Allied 
Moulded Products Inc.) B—Box with aligned holes for nails. 
Code requires nails to be within 1/4 in. of back or ends of box. 
C—Bracket designed to mount to face of stud. Note spurs and 
nail holes for fastening. D—Flat bracket for mounting on side 
of frame member. E—Captive nails with stabilizing bar. 


Installing Boxes and Conductors 


in Fig. 8-6, may be necessary. Allowances must be 
made for thickness of drywall or plaster. See Fig. 8-7. 

Be sure to allow clearance when attaching switch 
boxes near doors. The switch plate must not in- 
terfere with door trim. A special bracket may be 
needed to provide additional clearance. 


FIXTURE 


Fig. 8-6. Special brackets center ceiling boxes between joists. * 


Box mounts onto fixture stud which is often part of bracket. 
(Electroline Mfg. Co.) 


Fig. 8-7. Box must be mounted so its face extends beyond 
stud the thickness of the drywall or plaster surface. 
(Allied Moulded Products, Inc.) 


INSTALLING CONDUIT RUNS 


In some areas of the country local codes require 
that conductors (wiring) be run inside of conduit 
(rigid, EMT or PVC). This material is described in 
Chapter 6, Wiring Systems. 

Wiring is usually installed circuit by circuit. First 
the wiring is run from outlet to outlet. Then, the 
main feed, called the ‘‘home run,” goes back to the 
main circuit breaker panel. (The home run is the sec- 
tion from the circuit breaker to the first device in 
the circuit.) 

Before conduit is cut and bent, you will need to 
plan and measure the best route from box to box 
and then to the panel. 


71 


BORING AND NOTCHING FOR CONDUIT 


Wiring must usually be concealed in the building 
frame behind the surface of the wall and ceiling 
finish. In some cases, the wiring can run over the 
tops of ceiling joists when there is to be no floor- 
ing above it, Fig. 8-8. In all other situations the 
frame members must be bored or notched. 


Fig. 8-8. Conduit being run over top of ceiling joists. This is 
permitted in unfloored attics. 


Boring is preferred since it does not weaken the 
frame as much as notching. However, it is more dif- 
ficult to install conduit in bored holes. The holes 
must be drilled large enough so that conduit can be 
installed at a slight angle to clear the next stud. Con- 
duit may have to be cut in short lengths for easier 
installation. This requires a greater number of coupl- 
ings and, thus, more materials and work. EMT can 
be bowed more than rigid or intermediate conduit. 
Therefore, it is used almost exclusively in residen- 
tial wiring, Fig. 8-9A. 

Notching is allowed but should be used only when 
necessary since it weakens the structure. Notches 
should be as narrow as possible and never deeper 
than 20 percent of the width of the member. See 
Fig. 8-9B. Conduit should be protected at each stud 
or joist with a metal plate. This prevents accidental 
piercing of the conduit with a nail, Fig. 8-10. 


CUTTING CONDUIT 


The hacksaw is normally used to cut all types of 
conduit. The saw handle should be fitted with a 
blade having 18 to 24 teeth per inch. The pipe 
should be held in a portable vise. This will help you 
avoid broken blades and makes straighter cuts 
possible. The vise will be necessary also for cutting 
threads on rigid conduit. 

Another tool sometimes used to cut conduit is the 
plumbers’ pipe cutter. Apply a small amount of cut- 
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ting oil where the cut will be made. Slip the cutter 
mouth over the pipe and adjust the cutter wheel for 
a shallow cut. Make one revolution at a time and 
tighten the cutter slightly in between each turn. 

Burrs left by either cutting operation must be 


Fig. 8-9. Installing conduit. A— Can be installed through bored 

holes. Make holes larger than the conduit’s diameter and use 

short lengths of conduit. B— Some electricians prefer to notch 

conduit into studding. This weakens the wall frame slightly but 
is permitted. 


Fig. 8-10. Method of protecting conduit from drywall nails. 
Plates are let into face so they will be flush with stud surface. 


removed so they will not damage or cut the wire in- 
sulation when it is pulled through the conduit. The 
reamer can be inserted in a hand brace. Refer again 
to Fig. 6-3 which shows a suitable reamer. 


BENDING METALLIC CONDUIT 


Although there are numerous special manufac- 
tured fittings available for making turns and bends 
in conduit, many construction electricians prefer 
making fie/d bends whenever possible. (Field bends 
are those made on the construction site.) This 
generally saves time and is far more economical. 
Bending conduit is an important skill the electrician 
can easily master with knowledge of basic bending 
procedures and practice. See Fig. 8-11. 


Fig. 8-11. Conduit should be properly bent, arranged and 
spaced to conform to building lines and avoid obstructions. 
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Fig. 8-14. Field bending of large diameter conduit is ac- 

Fig. 8-12. A hickey, or stubber hickey, is employed to bend complished with benders like this. They may be manual or power 

larger sizes of EMT, Rigid, and IMC. These bending tools require assisted (hydraulic). (Greenlee Tool Div., EX-CELL-O Corp.) 
several movements per bend. (Appleton Electric Co.) 


Size of Radius of Conduit 
Conduit (In.) Bends (Inches) 


4 


Fig. 8-15. NEC Table 344.24 specifies the radius of conduit 
bends. Follow these guidelines or work will fail inspection. For 
field bends using a one-shot bender, refer to Table 344.24. 


Fig. 8-14. Field bending of large diameter conduit is ac- 
complished with benders like this. They may be manual or power 
assisted (hydraulic). (Greenlee Tool Div., Ex-Cello Corp.) 


TOOLS FOR BENDING RIGHT ANGLE BENDS-SPECIAL 
CONSIDERATIONS 
There are two kinds of hand benders used on con- 
duit. One type, called a hickey, Fig. 8-12, is used Usually rigid conduit cannot be bent to final shape 
primarily to bend EMT, IMC, or RIGID conduit. The in one complete motion without a one-shot bender to 
other type, called a bender, Fig. 8-13, is most often bring about a smooth, clean bend. Failure to stage 
used for smaller sizes of conduit. Power benders or the bends in rigid conduit could result in damaged 


bench-benders are more sophisticated devices. conduit walls. The minimum radius of conduit bends 

These are used when bending very large sizes of con- is limited by the Code. See Fig. 8-15. 

duit or making many ‘‘carbon copy”’ bends, Fig. For example, to make a 90° bend in a 1 in. rigid 

8-14. conduit run, the radius must be a minimum of 6 in. 
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See Fig. 8-16. A radius of 12 in. is required for a 
2 in. conduit bend, Fig. 8-17. Ninety degree bends 
are usually called ‘’stubs’’ or ‘‘stub-ups.”’ 

These minimum radii, as outlined in Fig. 8-15, 
apply to all conduit—rigid, IMC, or EMT—and for 
any degree of bend. See Fig. 8-18. 


MAKING THE 90 DEGREE BEND 


1. Find the stub height distance. This is the 
distance the conduit runs in the new direction. 
Measurement is taken from where the bend is 
made to the length of the run in the new direc- 
tion. Fig. 8-19 helps explain this. 

Mark the conduit at the stub height distance. 
For example, if your bend is supposed to leave 


1 IN. CONDUIT 


90° BEND 


Fig. 8-16. A “stub” or 90° bend. Radius must be no less 
than 6 in. (15 cm) for 1 in. diameter conduit. 


90° BEND 


12 IN. 


2 IN. CONDUIT 


Fig. 8-17. A 2 in. diameter conduit would require a minimum 
radius of 12 in. (30.5 cm) or twice that of a 1 in. conduit. 


A 60° BEND 
2 IN. CONDUIT 
RADIUS = 12 IN. 


— m — a m e — l M [Á 


Fig. 8-18. The minimum radii of conduit bends depend sole- 

ly on the tubing diameter rather than conduit type or degree 

of bend. a 60° bend of 2 in. conduit is governed by the same 
radius restriction as a 90° stub. 
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a run 10 in. high, measure back from the end 
10 in. Mark this point with a soft lead pencil, 
Fig. 8-20. 


3. Place the bender on the conduit with the heel 
directly above the mark as shown in Fig. 8-21. 
4. Hold conduit firmly on the floor with your foot 


just behind the bender. Push down on the 
bender handle. Bend to a 90° angle. At this 


STUB 
HEIGHT 


Fig. 8-19. Stub height is length of conduit run measured at 
right angles from beginning of bend to end of conduit. Top. 
Dimension line shows stub height. Bottom. Making 90° stub 
bend with bender. When handle is at 45 °to the ground, bend 


is at 90°. 
MARK J BEND { 
CONDUIT | REFERENCE | 
HERE POINT 
| (STUB HEIGHT) 
l | 
l 


Fig. 8-20. Carefully mark the conduit (soft-lead pencil works 
well) to indicate stub height. 
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REFERENCE 
POINT 
END OF STUB 


LINE UP 
HEEL AND 
MARK 


Fig. 8-21. Line up the heel of the bender with the mark on 
the conduit. 


point the handle will be at about a 45° angle 
from the floor. (This works best on a concrete 
floor.) 


BACK-TO-BACK BENDS 


A back-to-back bend is one which produces a 
bend in back of a 90° bend. That is, another bend 
is made at a distance away from the previous 90° 
bend. 

The procedure follows: 

1. Measure the distance from the back of the prior 
90° bend to where the next bend must be 
made, Fig. 8-22. Mark the conduit. 


2. Now, align this conduit mark with the special 
mark on the bender. This is often called the “‘star 
point” or ‘‘star,’’ Fig. 8-23. 

3. Bend this angle to 90°. Fig. 8-24 shows com- 


pleted bends. 

The star point or star will indicate where the back 
of any bend will be, regardless of angle. Therefore, 
the above procedures will work for 30°, 45°, 60°, 
or any angle of bend. 


OFFSET BEND 


Another common bend is the offset. It is used 
when the conduit must go around an obstruction 


BACK OF 
PREVIOUS 
BEND 
MARK 
CONDUIT 


bee. DISTANCE —______»- 
' | 


Fig. 8-22. For back-to-back bends, measure the distance from 
the back of the previous stub to the next bend. Mark this on 
the conduit. 
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CONDUIT 
MARK 


SCALE 


10° 


SCALE STAR POINT 


Fig. 8-23. Top. Line up the star on the bender with the 

measured distance mark. This is the proper position to make 

the next stub. Bottom. Bender has marks for many different 
bends. (Appleton Electric Co.) 


Fig. 8-24. A completed back-to-back bend. 


or when the plane of the conduit must change 
slightly. 

Generally, offsets may be done at almost any 
angle, Fig. 8-25. Shallow bends—those at smaller 
angles— make pulling wire through the conduit much 
simpler. 

Whether you use a shallow bend or a deep one, 
will most often depend on the depth of the offset. 
See Fig. 8-26. Moreover, the depth of the offset, 
the angle of bend, and the distance of the bend are 
all related. 

One other important factor, shrink, must be 
noted. Shrink is the amount of shortening which 
takes place in an offset. Shrink need only be con- 
sidered when working toward the obstruction. 
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SHALLOW BEND 


Fig. 8-25. Offsets may be of almost any angle. Large or deep 
angles make for difficult wire pulling. Small or shallow angles 
take up more space, but wires pull easier. 


DISTANCE 
BETWEEN 
BENDS 


OFFSET ANGLE 


Fig. 8-26. Distance, angle, and offset depth are related. 


Attention to four facets, depth, angle, distance, and 
shrink, if carefully considered, will help you produce 
a perfect offset. Fig. 8-27 may serve as a guide for 
the most common offsets. 


MAKING THE OFFSET BEND 


The following steps are followed when making 
an offset bend. Remember, careful measurement 
is the key to precise bending: 

1. Measure the exact distance from the last con- 
duit coupling to the obstruction. Consider the 
appropriate angle to use in the offset. 


2. To the distance, found in Step 1, add the 
amount of shrink from the Reference Guide, (Fig. 
8-27). Measure off this distance on the conduit 
and mark it. This is the location of the first bend. 
From the chart in Fig. 8-27, find the distance 
between bends. Measure off this distance on 
the conduit and mark. This is the location of the 
second bend. 

Line up the arrow on the bender with the first 
mark on the conduit. Using the degree scale 
(refer to Fig. 8-23) on the bender, bend the con- 
duit to the correct angle. Make offset bends in 
the air, not on the floor. 

Lastly, slide the bender along to the second 
mark. Line this mark up with the arrow and bend 
to the chosen angle. 

Fig. 8-28 illustrates the five steps in making a 

45 ° offset around an 8 in. high obstruction which 

is 60 in. from the last coupling. 


THE SADDLE BEND 


The saddle bend is employed for the same pur- 
pose as an offset. It goes around an obstruction. 
However, unlike the offset bend, the conduit returns 
to the same level after it passes the obstruction, Fig. 
8-29. 

The most common saddle consists of one 45° 
center bend and two 22 1/2° lateral bends, as 
previously shown. 


MAKING THE SADDLE BEND 


Executing a perfect saddle bend is easy. The pro- 
cedure follows: 

For example, consider that a 3 in. high obstruc- 
tion, like the one illustrated previously, is en- 
countered 6 ft. from the last coupling, Fig. 8-30. 
That is, the center of the obstruction is 6 ft. or 72 
in. from the last coupling. 

You need to follow two rules for making the sad- 
dle bend. 


REFERENCE GUIDE FOR COMMON OFFSETS 


Best angle 
in degrees 


Offset depth 
(In.) 


Distance 
between 
bends (In.) 


Shrink 
per inch 
of offset 

depth 


Amount of 
shrink (In.) 


Fig. 8-27. Chart gives angles and shrink information for various offsets. 
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FIRST MARK 


7 
be e IN. 8 IN. 


STEP 1. LAST COUPLING 60 IN. FROM OBSTRUCTION 
8 IN. HIGH OBSTRUCTION 
45° OFFSET DESIRED 
SHRINK = 3 IN. 


MARK FOR 
FIRST BEND 


END 


STEP 2. ADD 3 IN. SHRINK TO DISTANCE 
FROM OBSTRUCTION: N 
60 IN. + 3 IN. = 63 IN. SECOND 
MARK FOR <O MARK 
FIRST BEND —= 


t 
51 3/4 IN. ———>þ e 11 1/4 IN. > 


STEP 4. LINE UP ARROW (STAR) 
MARK ON BENDER 
WITH FIRST MARK 


MARK FOR 


END SECOND BEND AND BEND TO 45° 
STEP 3. MAKE SECOND MARK STEP 5. SLIDE BENDER TO SECOND 
AT APPROPRIATE MARK. LINE UP WITH ARROW 
DISTANCE (STAR) AND BEND TO 45° ANGLE 


Fig. 8-28. Steps in making an offset bend. 


1. For every 1 in. of saddle depth (obstruction mark with the arrow on the bender. Bend to the 
height) you must add 3/16 in. and move your 22 1/2° angle, Fig. 8-32. 
center mark ahead accordingly. 3. Last, slip the bender off the conduit, reverse it 


2. Lateral marks must be made 2 1/2 times ob- 
struction height from the center mark. 

To make the three bends: ie, 

1. The center bend is always made first. Line up 
the center mark with the rim notch in the bender 
rim. Bend conduit 45 ° as indicated in Fig. 8-31. 
This bend should be made in the ‘‘air’’ rather 
than on the floor. 

2. Without removing the bender, slide it down one 
side of the conduit to the lateral mark. Align this 


<æ 15T BEND 
k LINE UP 
TN: CENTERMARK WITH 
RIM NOTCH AND 
BEND TO 45° 


~— —_ 


— 
T ~ e e~ _ $ LATERAL MARKS 
45° 


Fig. 8-31. First bend of a saddle is the middle one. This is done 
in the air, rather than on floor. Align rim notch of bender with 
center mark to insure accurate bend. 


OBSTRUCTION — 


22 1/2° (PLUMBING, CONDUIT, ETC.) 22 1/2° LATERAL 
STEEL BEAM MARK MUST 


LINE UP WITH 
FORCE 
DIRECTION 


ARROW OR STAR ; 
Fig. 8-29. Typical saddle bend. Keep bend angles shallow. ON BENDER; THEN ~e q 
BEND TO 22 1/2 a) LQ 

ANGLE MARK 
ON BENDER 


LAST COUPLING A A 


(72 IN.) 
6 FT. 


Fig. 8-30. Good measurement results in good bending. The 
saddle bend begins with measuring the distance from the last Fig. 8-32. Lateral bends are also done in the air. Lateral marks 


coupling to the center of the obstruction. are matched with arrow on bender prior to bending. 
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and slide it onto the other lateral mark. Line this 
up with the arrow of the bender and bend once 
again to a 22 1/2° angle, Fig. 8-33. Saddle 
bend is now complete. 


Fig. 8-33. Completion of the saddle bend. 


BENDING NONMETALLIC CONDUIT 


Nonmetallic conduit (discussed in Chapter 6) may 
be bent by heating the conduit, shaping it, and cool- 
ing the formed bend. Each of the various types of 
PVC—Schedule 40, Schedule 80, and Type A, Fig. 
6-18, may be heated in an electric heating box. 
Once heated, the conduit may be bent by hand (use 
heat resistant gloves). 

For larger sizes, a bending guide is preferred, Fig. 
8-34. Generally, the same types of bends, as well 
as bend specifications (radii, angles, etc.) are used 
for nonmetallic conduit as for its metal counter- 
parts. 


SPECS FOR BENDING IMC AND EMT 


Rules for bending intermediate metal conduit 
and electrical metallic tubing can be found in 


Fig. 8-34. A bending guide is particularly useful for forming 
bends in large-diameter, rigid, nonmetallic conduits. 
(Carlon, an Indian Head Co.) 
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Articles 342 and 358 of the NEC. There may not be 
more than the equivalent of four 90° bends or a total 
of 360° for each run between outlets of fittings, Fig. 
8-35. The reason for this is a very practical one. It 
would be difficult to pull wiring through conduit with 
too many bends in it. Possibly the insulation on the 
wires could become damaged from the force neces- 
sary to pull the wires through. 


OUTLET A 


OUTLET B 


Fig. 8-35. Number of bends between outlets or fittings must 
not be greater than equivalent of four 90 ° bends or 360 ° total. 


SUPPORTING CONDUIT 


The National Electrical Code prescribes how metal 
conduit shall be supported. Reference should be 
made to Section 344.30. In general, metal conduit 
must be supported within 3 ft. of every outlet box and 
at a minimum of every 10 ft. of run. In larger sizes this 
last distance can be increased. See Fig. 8-36. For non- 
metallic conduit, the distances are less. Refer to 
Section 352.30 of the NEC. Fig. 8-36A summarizes 
conduit support criteria. 


CONDUIT MAX. SUPPORT SPACING (FEET) 
SIZE 
(INCHES) METAL CONDUIT NONMETAL CONDUIT 


SO O1O) WWW 


Fig. 8-36A. Conduit support criteria. In addition, all conduit, 
metal or nonmetal, must be supported within 3 ft. of each box, 
enclosure cabinet, or other termination. 


Installing Boxes and Conductors 


MAXIMUM DISTANCE BASED J-BOX OR OTHER 


fe ON CONDUIT size —}| CONDUIT STRAP co ier ol ae 


FASTENER arial 


Fig. 8-36B. Metal conduit must be supported every 10 ft. 
along straight runs and within 3 ft. of each junction box. 


INSTALLING FLEXIBLE METAL CONDUIT 


Code restricts use of flexible metal conduit 
(Greenfield). For example, it cannot be used in wet 
locations (without lead-covered conductors) or 
underground and embedded in concrete or ag- 
gregate. Diameters under 1/2 in. cannot be used 
except under certain limited circumstances which 
are covered in Section 348.20 of the Code. When it 
is used, provision must be made for proper equip- 
ment grounding. See Fig. 8-37. 

Support must be provided at least every 4 1/2 ft. 
and within 12 in. of every outlet or fitting. This reg- 
ulation does not apply when the cable is fished 
through walls when doing old work. Refer to 
Section 348.30 of the Code before installing. 


CONNNECTOR 


AN À, 
GLE FLEX CONN SCREWS 


BONDING JUMPER =la 


STRAIGHT FLEX 
FLEX CONNECTOR 


METAL 


METAL ENCLOSURE ENCLOSURE 


Fig. 8-37. Proper method of creating an equipment ground 

across a length of flexible metal conduit. The bonding jumper 

creates a solid electrical path from one metal enclosure to 
another. 


MAKING CONDUIT CONNECTIONS 


Code requires that conduit be securely fastened 
to electrical boxes so that electrical bonding is main- 
tained between the box and the conduit. Couplings 
should provide the same bonding. A second reason 
for the security of connections is to insure that no 
stress is placed on conductors and that conductors 
do not come in contact with materials that might 
abrade their insulation or create danger of a short 
or fire. Figs. 8-38 and 8-39 show various connec- 
tions and how to make some of them. 
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Fig. 8-38. A sample of some EMT fittings. Note angle 
fittings. (Electroline Mfg. Co.) 


TO INSTALL CONNECTORS (To connect conduit to a box): 


1. Cut conduit carefully with a hacksaw to 
desired length. Remove any rough edges with 
a file to avoid damage to wires. 

2. Insert conduit into fitting. 

. Tighten setscrew (setscrew type, S 121 
series) or torque conpression nut until it is tight 
{compression type, L 21 series). 

. Remove locknut from connector. 

. Push connector through knockout, screw on 
locknut and tighten by tapping with a 
screwdriver. 

6. Pull wires through conduit. 


(7) 


af 


TO INSTALL COUPLINGS (To connect two pieces of conduit): 


1. Cut conduit carefully with a hacksaw to 
desired length. Remove any rough edges with 
a file to avoid damage to wires. 


ar, 2. Insert conduit into fitting. 
F | av) ( 3. Tighten setscrews (setscrew type, L 122 
r series) or torque compression nuts until tight 


(compression types, L 22 series). 
4. Pull wires through conduit. 


Fig. 8-39. Follow these steps for installing conduit to boxes 
and fittings. (Electroline Mfg. Co.) 


PULLING WIRE 


After boxes are installed and conduit connected 
to them, the conductors (wire) can be pulled. On 
very short runs, small wires can be pushed through 
from one box to another. However, a fish tape, such 
as the one shown in Chapter 4, Fig. 4-19, is much 
faster. the tape is available in various lengths— 
usually 50, 100, and 200 ft.—of tempered flexible 
steel in several thicknesses and widths. Rigid 
plastic tapes and pull ropes are also suitable. 

The tape may have a hook or a ball on the end, 
Fig. 8-40. If it has neither, you can fashion a hook 
with the aid of a pair of pliers. The tempered steel 
can be brittle, so make the bend carefully or reduce 
the temper by heating the end with a torch. 


USING THE FISH TAPE 


Wires are difficult to push through conduit. The 
fish tape, being somewhat stiff, will snake through 


ETE ee — = 
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HOOK 
IN FISH TAPE 


Fig. 8-40. Fish tape may have ball or hook end to which wires 
are attached for pulling. Left. Ball end. (Greenlee Tool Div., 
Ex-Cello Corp.) Right. Hook. 


bends much easier and can be pushed considerable 
distances through several bends. 

Push the tape through the run and attach the 
wires being pulled. Fig. 8-41 shows methods of at- 
taching the wire. Be sure to wrap the wires securely 
so they do not become detached from the stress 
of pulling. It is better to work from the top down 
so the weight of the wires works with the pulling 
rather than against it. 

Wires being pulled should be kept straight. 
Twisted, crossed, or tangled wire will bind at bends, 
saddles, or offsets. Wire insulation can become 
abraded or torn. On long runs it may help to coat 
the wire with wire pulling lubricants such as those 
containing talc, soapstone, or liquid soap. Special 
wire pulling lubricants are manufactured for this 
purpose. 


CABLE ROUGH-IN 


Chapter 6 describes the various cable systems 
approved by NEC for electrical wiring. Installation 


FISH TAPE 


SMALL WIRES HOOKED TO 
FISH TAPE AND WRAPPED 


ATTACH FIRST LARGE 
WIRE TO SECOND 


~., ATTACH FIRST TWO WIRES 


L TO THIRD WIRE 
JÆ 


Fig. 8-41. Methods of attaching wire conductors to fish tape. 
Left Small wire wrap. Right. Stagger larger wires to keep down 
bulk for easier pulling. 


80 


of these materials is somewhat simpler than run- 
ning conduit and pulling wires. One important dif- 
ference is that system grounding must be ac- 
complished with a bare or insulated grounding wire. 
This wire must be enclosed within the protective 
covering along with the ungrounded and grounded 
conductors (hot and neutral wires). 


ARMORED CABLE INSTALLATION 


Layout of armored cable (BX) is the same as that 
described for metal or flexible metal conduit earlier 
in this chapter. Cable is considered acceptable by 
NEC and by most local codes. A few communities 
limit its use. Fig. 8-42 through Fig. 8-51 show its 
construction, fittings, and installation steps. 

Armored cable is quite flexible and can be pulled 
through bored holes with ease. The holes should be 
slightly larger than the cable to avoid strain during 
rough-in. Fig. 8-43 shows a typical installation which 
conforms to the National Electrical Code. 


Fig. 8-42. Armored cable consists of a tough, flexible, metal 

outer shell, insulated conductors, and a bonding strip (bare 

grounding wire) inside. Follow manufacturer’s instructions for 
installing fittings. (Electroline Mfg. Co.) 


CENTER BOX WITH 
HANGER OR BRACKET 


SUPPORT CABLE 
AT INTERVALS 
NOT OVER 4 1/2 FT. 
INNER RADIUS OF 
BENDS NOT LESS 
THAN 5 TIMES 
DIAMETER 


CABLE SUPPORT 
NEEDED WITHIN 
12 IN. OF 
OUTLET BOX 


BORE HOLES IN 


CENTER OF STUDS 


Fig. 8-43. Typical installation using armored cable. Installa- 
tion conforms to Code. 


Installing Boxes and Conductors 


WORKING WITH ARMORED CABLE 


Armored cable should be measured off and cut 
before it is pulled through the holes in the framing 
members. Measure the distance along the route the 
cable will run and transfer this measurement to the 
cable. Allow 6 to 8 in. extra for making connections 
at each end. Cut off the length of cable needed. Use 
cable cutters or a hacksaw. 


STRIPPING CABLE ENDS 


There are several methods for cutting through the 
tough metal armor and stripping the cable end. 
Perhaps the most common tool for cutting the ar- 
mor is the hacksaw. 

1. Measure back 8 in. and mark. 

2. Saw through a single bead of the flexible metal 
covering as shown in Fig. 8-44. CAUTION! Do 
not cut completely through the armor. You are 
likely to damage the insulation or the conduc- 
tors and cut the grounding strip. 

3. After you have cut partway through the armor, 
flex the cable back and forth as you would wire. 
After several bends, the covering will separate 
and you will be able to slide the section of sheath 
off the conductors. See Fig. 8-45. 

4. Remove the outer wrapping of paper, Fig. 8-46. 


SAW ACROSS HIGH BEAD 


Fig. 8-44. Cutting armored cable with hacksaw. Do not cut 
so deep that you damage insulated wires. 


PAPER CASING 


Fig. 8-45. Remove section of armored sheath to expose wires. 


Fig. 8-46. Remove outer wrap of paper around conductors. 
Note grounding wire. 


This will expose the insulated conductors and 
the ground wire. 

5. Install an anti-short bushing, Fig. 8-47. This is 
the red, split plastic sheath between the wires 
and the rough edge of the armor. This bushing 
keeps the insulation from rubbing against the 
sharp edge of the armor. The bushing must be 
in place to pass any electrical inspection. Usual- 
ly, agood supply of bushings should be picked 
up when the cable is purchased. 

Many electricians use a special cutter that has 
been designed to cut the armored cable without 
leaving rough edges, Fig. 8-48. 

To use the cutter: 

1. Attach the cutter to the cable and tighten the 
thumbscrew underneath. 


<<—— _ ANTI-SHORT 
BUSHING 


Fig. 8-47. Squeeze anti-short bushing between thumb and 
forefinger as shown and slide it inside the sheath to protect 
wires from jagged edges of sheath. 


LEVER 
SQUEEZED 


Fig. 8-48. Special cable cutter for armored cable. It must be 
mounted and clamped to cable. 
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2. Squeeze the handle on the underside to lower 
the cutter but do not apply too much pressure 
if you wish to have a fast, clean cut. 

3. Apply additional pressure until force required to 
handle lessens. 

4. Rotate the crank through a short arc forward. 
Release the crank and relax your grip on the tool. 

5. Move the crank slightly and allow it to return 
to its original position. 

6. Remove the tool by loosening the thumbscrew. 

A third method of cutting armored cable uses the 
metal shears. Bend the armor sharply and twist until 
the armor buckles. Insert the shears through the 
open loop of the buckled sheath and cut. Trim off 
any sharp edges. 


CONNECTING ARMORED CABLE TO BOXES 


When the anti-short bushing is in place, install a 
connector as shown in Fig. 8-49. Wrap the ground- 
ing wire around the setscrew to provide a proper 
ground to the box. Turn in the screw until it holds 
the cable housing securely, Fig. 8-50. Slip the 
locknut over the end of the wires. Turn it onto the 
threaded end of the connector. Tighten it with a 
screwdriver. The nut should bite into the side of the 
box for a good ground. See Fig. 8-51. 


SCREW TIGHTLY 
INTO BX GULLEY 


INSULATION BX CONNECTOR 


Fig. 8-49. Installing connector to BX. Inside end has peep hole 
so inspector can see anti-short bushing. 


WORKING WITH NONMETALLIC CABLE 
(NM, NMC) 


Nonmetallic cable is installed in walls and ceilings 
in the same way as armored cable, Fig. 8-52. Like 
armored cable, a grounding wire is necessary to pro- 
vide proper bonding through the system. This will 
be discussed later. 


PREPARING CABLE 


The outer covering of nonmetallic sheathed cable 
is usually a plastic or thermoplastic material. It can 
be stripped off with a knife or special cable ripper as 
shown in Fig. 8-53. Again, remove about 8 in. or 
so from the end to allow at least that much to pro- 
ject into the outlet box. Six inches is required. 
However, it is better to have a little more than not 
enough. Be careful while removing the sheath not 


METAL BOX 


KNOCKOUT 


ANTI-SHORT BUSHING 


BX ARMORED 
CABLE 


CONNECTOR LOCKNUT 


CONDUCTORS 


Fig. 8-50. Procedure for installing armored cable to box. 

Remove knockout from box. Slide connector onto cable. Slide 

cable through hole in box. Slip locknut over wires and onto con- 
nector threads. 


OUTLET BOX 


SCREWDRIVER 


LOCKNUT 


CONNECTOR 


Fig. 8-51. Turn locknut onto threaded end of connector. Use 
screwdriver and palm of hand to tighten. Nut must ‘‘bite’’ in- 
to metal box for good bond. 


to damage the insulated wires within. Run the wire 
from outlet box to outlet box as with any other wir- 
ing method, but, be sure that you protect the cable 
from damage by using guard strips (lath) and cable 
straps wherever the wire crosses exposed studs or 
joists. In fact, it’s best to run the cable along studs 
and joists. Install cable straps every 4 1/2 ft. and 
within 12 in. of boxes. 

In addition, when using nonmetallic cable, be sure 
to connect all ground wires to each other, to the 
box, and to the grounding provision on the device, 
for a positive and continuous ground, Fig. 8-54. 
Note the use of the grounding screw in the rear of 
the metal outlet box. Metal boxes have pretapped 
holes for this screw. 

Locknuts and connectors for nonmetallic cable 
are of slightly different design than those used with 
conduit or armored cable but are installed in the 
same fashion. 

Fig. 8-55 shows nonmetallic sheathed cable 
ground wire attached to the box by means of a 
grounding clip. These clips are simply pushed onto 
the front edge of the outlet box. 


Fig. 8-52. Top. Nonmetallic cable can be run through notches 
or holes made in studs and along ceiling or floor joists. Drill 
holes in center of stud where nails cannot cause damage. 
(Allied Moulded Products Inc.) Bottom. Wiring run throughout vee 
notches at sole plate does not interfere with insulation. Notches 
must be covered with 1/16 in. metal plate. 
(Owens-Corning Fiberglas Corp.) 


TEST QUESTIONS — CHAPTER 8 


1. The process known as roughing-in includes 
installation of poe nailer ee at eee 
and 

Before attaching electrical boxes to the 
building frame, the electrician will (indicate 
which answers apply): 


a. Call the electrical inspector for ‘‘go ahead.” 

b. Study the electrical plan for location and 
type of fixtures in each room. 

c. Mark exact location of each box and indi- 


cate type of box needed. 


MUST EXTEND 


ATTACH ALL 
GROUND WIRES 


Vane. TO METAL BOX 


CONNECTOR a an 
je 
oe! Le 


D 


= 2 — 


ATTACH ALL 
GROUND WIRES 
aa EACH OTHER 


TO DEVICE 


ATTACH ALL 
GROUND WIRES 
TO THE DEVICE 


Fig. 8-54. Firmly attach all ground wires together, to the box 
and to any device installed at the box. 


GROUNDING CLIP 


Fig. 8-55. Nonmetallic sheathed cable installed and properly 

grounded in an outlet box. Note the use of a grounding clip. 

It is particularly useful in ‘‘old work’’ where grounding screws 
are difficult to install. 


d. Drill holes for running of conduit cable. 
e. Run conduit or cable through the building 
frame. 
3. The usual height for installation of a receptacle 
(except in a kitchen counter area) is usually: 
a. 8 in. 


WIRE 


D 


Fig. 8-53. Cable strippers and stripping knife. Cable strippers are handy devices for removing plastic jackets quickly and 
neatly. A— Type used with UF cable. B— Type stripper used for NM or Romex. C—Stripping knife. D— Method of using knife. 
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b. 125i 
c. Loum: 
d. 48 in. 


Wiring is usually installed circuit by circuit. 
True or False? 

Describe how conduit is protected where it is 
notched into framing. 

i 2 or is used to bend conduit. 
The radius of a 90° bend in a 1 in. rigid con- 
duit must be no less than: 


a. 3 ime 
b. 5 in. 
c. 6 in. 
d. 8 in. 


Describe how to make a 90° bend. 


. An offset bend is often referred to as a stub. 


True or False? 
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10. 


TAF 


12. 
is 


14. 


VS: 


is the amount of shortening which 
takes place in a piece of conduit when an off- 
set bend is made. 
The type of bend used to bypass an obstruc- 
tion, such as a 4 in. drain pipe, is known as 
a (stub, saddle, offset, center) bend. 
A run of conduit should have no more than the 
equivalent of four bends. 
Describe how the fish tape is used to pull wires 
through conduit. 
When installing BX (armored cable) an__- 
bushing must always be inserted be- 
tween the armor and the conductors for pro- 
tection of the insulation on the conductors. 
Nonmetallic cable must be supported every 
ft. with a cable staple. (4 ft., 4 1/2 
ft., 6 1/2 ft., 10 ft.) 


The electrician installs electrical devices and fix- 
tures in the FINISHING stages. He or she makes the 
final connection between conductors and switches, 
receptacles, fixtures, and motors. As in other 
stages, the Code specifies how to make the system 
safe. 

Article 110 of the Code sets down requirements for 
the installation of such materials and equipment. 
Failure to follow these requirements will result in 
Code violations. The key word throughout the Code is 
“shall”. It indicates a condition which must be met. It 
is mandatory. 


EQUIPMENT ACCEPTABILITY 


Generally, a testing agency must approve all elec- 
trical equipment and material, Fig. 9-1. This ap- 
proval is almost always based on product “‘listing’’ 
or “labeling.” Tested and acceptable products or 
materials will carry the listing or label from a testing 
agency. An unlisted or unlabeled item is rarely used. 

In addition, and to reinforce produce approval, the 
Code states that products listed and labeled by such 
testing agencies as Underwriters Laboratories, Fac- 
tory Mutual, Canadian Standards Association, and 
Edison Testing Laboratories, shall be used only for 
the purpose and conditions as described in the data 
application directories of those agencies. 


WIRING METHODS AND MATERIALS 


The Code gives details on various wiring methods 
and materials in Articles 300 through 398. In these 
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Device Wiring 


articles it describes, defines, limits, and specifies 
the methods and materials of wiring used in the 
electrical industry today. 


MECHANICAL CONSIDERATIONS 


Proper mechanical electrical construction is im- 
portant. Electrical equipment must be securely 
mounted. Further, all materials and equipment must 
appear orderly. Conductors, cables, etc. must be 
carefully routed and supported to avoid bunching 
or twisting and possible damage to cables or con- 
ductors. Conductors must be terminated tightly to 
their termination points. Avoid excessive stress or 
strain on cables and conductors. 


Fig. 9-1. Only with electrical products which carry the label 
of a testing agency can you be certain of safe, reliable perfor- 
mance. (Underwriters Laboratories, Inc.) 


ELECTRICAL CONNECTIONS 


When electrical wires are terminated or spliced, 
a suitable connection must be made. This requires 
a clean, secure physical contact between con- 
ductors and/or device terminals. Connections shall 
not be made between unlike metals unless the elec- 
trical devices are suitable for this purpose and are 
identified to indicate this. Splices and connections 
must be covered with insulation equal to the 
original. Proper tools must be used so as not to 
damage cable or conductors. 


WORKING CLEARANCES 
To assure accessibility and to maintain, service 


or operate electrical equipment, the Code insists the 
‘‘work clearances shall not be less than 30 in. wide 
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in front of the equipment.’’ Further, these 
clearances must not be cluttered with crates or 
boxes or in any way used for storage. Storing items 
in front of electrical equipment would prevent rapid 
access in an emergency. 


IDENTIFICATION FOR SAFETY 


Major electric equipment components and the 
disconnecting means for such devices should be 
clearly identified. Information on voltage, amperage, 
and the equipment being controlled should be per- 
manently marked on the disconnect means. 
Panelboard circuit directories must be correctly 
labeled and located at the panelboard. 

The intent of this rule is safety. Should a circuit 
or device need to be de-energized, the marking 
would allow for rapid action. See Fig. 9-2. 

OSHA standard (Section 1910.303[f]) mandates 
the identification and marking of electrical equip- 
ment for all existing, new, expanded, or modernized 
systems. The marking must withstand environmen- 
tal conditions. 


PREPARATION OF CONDUCTORS 


Wires conduct electrical energy. They carry this 
energy from place to place. In this process, they 


PANEL SCHEDULE 


1. MOTOR NO. 1 
2. MOTOR NO. 2 
3. MOTOR NO. 3 
4. MOTOR NO. 4 


MOTOR NO. 1 IS CONTROLLED 
BY DISCONNECT NO. 1 AND 
CIRCUIT BREAKER NO. 1 


must connect to each other and terminate at various 
electrical devices. In order for them to move elec- 
trons from place to place, conductors are insulated 
to eliminate as much energy loss as possible. 
However, where connections are made, insulation 
must be removed for proper contact. 


STRIPPING CONDUCTORS 


Conductors may be an insulated solid wire, Fig. 
9-3, or a wire made up of many strands, as in Fig. 
9-4. Cable conductors are encased in several layers 
of insulation in addition to a protective outer cover- 
ing that may be metal, plastic, or a composition of 
other materials. There are a variety of methods for 
removing the insulation from each type so that the 
conducting wire is bared for a good connection. In 
removing the insulation you will have to be careful 


INSULATION 


SOLID COPPER WIRE 


Fig. 9-3. Some conductors (wires) are made of a solid length 
of copper or aluminum. 


NOTE: As shown in diagram, the purposes of these disconnecting switches are clear- 
ly evident. In such cases identification may be omitted. In the actual installation, the 
motors must be within sight of the disconnects or arranged in such a way that the 
purpose is not evident and identification would be required. 


Fig. 9-2. Code requires that disconnect switches for electrical machines and devices should 
be clearly marked to identify what they control. (OSHA) 
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STRANDED 
COPPER 
WIRE 


Fig. 9-4. This conductor is made up of many strands of wire 
inside an insulating material. 


not to damage either the conductor wire or the re- 
maining insulation. 


USING STRIPPING KNIFE 


You can remove the insulation from a single wire 
by carefully stripping it away with a sharp pocket- 
knife or electrician’s knife designed for this pur- 
pose. Do this carefully so that the blade does not 
nick or cut away any of the conductor material. 
Make sloping cuts toward the wire end as shown 
in Fig. 9-5. 

Do not make a circling cut at right angles to the 
insulation. It is almost impossible to control the 
depth of cut in this way. 


Fig. 9-5. Whittling cuts are used to remove insulation with a 
knife. 


A nicked conductor will brake easily if bent at the 
point of damage. Also, anick or groove will reduce 
the current carrying ability of the conductor. 

After you have cut away the insulation all around 
the wire using “whittling” cuts, twist the short 
piece of insulation. It will separate, as in Fig. 9-6. 
The stripped end should look like the one in Fig. 9-7. 

As a general rule, a little less than an inch of the 
conductor should be bared. This allows enough bare 
wire to make the proper connection. Some electrical 
devices have gages for determining how much in- 
sulation to remove. See Fig. 9-8. 
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STEP 1-PARE AWAY INSULATION 


STEP 2-TWIST END AND REMOVE IT 


STEP 3-TWIST STRANDS 


STRANDS WRAPPED INTO SINGLE SERVICE 


Fig. 9-6. Twist cut insulation to break it away. If conductor 
is made up of many strands of wire, twist them together as one. 


WRONG RIGHT 


Fig. 9-7. Properly stripped wire shows insulation cut to a 
taper. About 7/8 in. of conductor should be bared. 
(U.S. Navy) 


SCREWS FOR 
SIDE WIRING 


Fig. 9-8. Some electrical devices have a strip gage built into 

them. Lay conductor against gage to determine how much 

insulation to cut away. This receptacle also has screws for side 
wiring. (Slater Electric, Inc.) 
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Clamping 
Jaws 


Fig. 9-9. Using a wire stripper speeds up the process. Left. A type of wire stripper. (Vaco Products 
Co.) Right. insert wire through stripper jaws and squeeze the handle. 


USING WIRE STRIPPER 


The preferred way to remove insulation is with 
a wire stripper like the one pictured in Fig. 9-9. In 
one model, the end of the conductor is placed in 
the jaws of the tool. When the handles are closed 
the jaws will separate and strip away the insulation. 

Good wiring technique includes the ability to 
make approved splices of conductors. The Code 
does not allow splicing or connecting of wires any 
other place except inside a proper housing. 
Likewise, connections between a conductor and an 
electrical device such as a switch or receptacle, 
must be inside a housing. 


ATTACHING CONDUCTORS TO 
DEVICE TERMINALS 


When solid conductors are connected to screw 
type terminals the ends must be formed in a loop 
for a proper connection. Use a needle-nose pliers 
or similar tool to form a curved hook in the conduc- 
tor as shown in Fig. 9-10. This must be connected 


/ 


BEND AND TIGHTEN 
IN , DIRECTION 


Fig. 9-10. Forming loop in conductor. Bend wire to left just 
above the insulation. With a longnosed pliers, form a loop to 
the right. 


clockwise onto the terminal. When the screw is 
tightened the open end of the loop will be pulled 
inward, making the connection better. If the screw 
turns against the open end of the formed hook 
(counterclockwise) the loop will tend to open. This 
results in a poor connection which may be unsafe. 
See Fig. 9-11. 


WRONG 
ONE HALF WRAP 
OVERLAP 
LESS THAN 
TWO THIRDS WRAP 
STRAIGHT WRONG 
IN DIRECTION 
RIGHT 


ATT OS SNUG CONTACT 


be ‘N 


vA S, 
K 
at TWO THIRDS 
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y 


pi ITE QUARTERS 
SCREW POST CONTACT PLATE ON WIRING DEVICE 


1 STRIP AND WRAP WIRE 2 TIGHTEN SCREW SECURELY 


Fig. 9-11. Wrong and right way to attach a conductor to a 
terminal. Terminal screw must be turned down snugly for a 
good connection. (GE Wiring Devices Dept.) 


Device Wiring 


Electrical devices are made to connect with wires 
in a variety of ways: 

1. Terminal screws around which the conductor is 
wrapped. The screw is tightened to hold the 
conductor in contact. 

2. A variation of the terminal screw which does not 
require a wrap or Joop in the wire. 

3. Terminals requiring no screws at all. Contact is 
maintained, however, with a tension (spring) 
arrangement. 

Several of these devices are illustrated in Fig. 

9-12 and Fig. 9-13. 


SPLICING CONDUCTORS 


Connections (splices) between two wires are 
often made by first twisting them together, Fig. 
TIGHTENING SCREW 9-14. Twist connections must be held together by 
Eee some method. The twisting is not enough. To save 


5 


INSERT 


INSERT STRIPPED END 
IN SERRATED CHANNEL 


Vie 


STRIP 
GAUGE 


RELEASE 
RAPID WRAP 


Fig. 9-13. Views of back wired switch using no screws. Con- 
tact is made by spring tension inside the device. 
(Slater Electric, Inc.) 


Fig. 9-12. There are several types of screw terminals. A— 
Receptacle with standard screw type terminals. B—Pressure 
type. Bare wire is inserted in groove rather than being wrapped 
around terminal screw. Tightening screw holds the wire. C— 


Side wired receptacle. Conductor is inserted in holes and then Fig. 9-14. Connections between several wires is made by 

snugged around or against screw. (Slater Electric Inc.) D— View twisting them together clockwise. After this is done, the splice 

of back wired receptacle. Tightening screw wedges wire can be secured and insulated by turning on a wire nut. 
against spring clip for secure contact. (GE Wiring Devices Dept.) 
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time, the splice is usually secured with a wire con- 
nector, such as the one in Fig. 9-15. A spring con- 
nector is an often-used variation of the wire nut. 
It works well for connecting wires that will have ten- 
sion (pull) on them. 


WESTERN UNION SPLICE 


The Western Union splice was once the most 
common way to join two small wires. It was 
especially preferred where wires were placed under 
heavy strain. 

To make the Western Union splice, refer to Fig. 
9-16 and follow these steps: 

1. Strip away about 8 in. of insulation from each 
wire. Lay one wire across the other at right 
angles (more or less). 

Twist one wire around the other in a tight wrap. 
In most instances the wire can be wrapped with 
the fingers and the end bent tightly against the 
straight wire with a pliers. 

Wrap the second wire around the first in the 
same way. The wrapped section of wire should 
be about 2 in. long. Four or five turns on each 
wire should be enough. 

Apply paste flux to twisted wire. Solder the joint 


STEP NO. 1 


Fig. 9-15. Solderless screw-on connectors are commonly 
known as ‘‘wire nuts.” They serve same purpose as a soldered 
connection and have generally replaced that practice. Wire nuts 
are made of plastic, Bakelite, or porcelain. Threaded female 
insert grips wires. Top. Three sizes of plastic wire nuts. 
(Amerace Corp., Elastimold Div.) Bottom. Method of attaching 
nut. Cutaway shows threaded, tapered, metal insert. Hood of 
connector must cover all bare wire. (OSHA) 


carefully as shown in Step 4, Fig. 9-16. 
When the joint has cooled, tape the entire 
spliced area. Be careful to overlap the original 
insulation at either end. 


STEP NO. 2 


STEP NO. 3 


TINNED 
TIP 


STEP NO. 4 


STEP NO. 5 


Fig. 9-16. Western Union splice. NEC code specifies that some splices be made using solder. 
(U.S. Labor Dept. and U.S. Navy) 
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PROPER SOLDERING TECHNIQUE 


The key to good soldering is to heat the joint so 
well, that it melts the solder onto itself. Never drop- 
melt the solder onto a cold joint. To heat the wire, 
touch the hot soldering iron, called the “copper”, 
to the joint. 

Touch the solder to the joint so that it melts and 
flows onto it. Allow the joint to cool slowly for a 
good electrical connection. Never use acid solder 
on electrical work. Use rosin-core type only. 

The NEC is very specific on what type of splicing 
should be done and where such splicings are per- 
mitted. It requires the soldering, brazing or welding 
of certain splices, and insists that all bare wire must 
be taped with insulation at least equivalent in thick- 
ness to that of the conductors’ original coverings. 
See Code Section 110.14(B). In addition, most con- 
nectors are marked “CU” for copper wire, or “AL” for 
aluminum wire or “CU/AL,” for either. This coding 
must be followed strictly for safety purposes. 


OTHER METHODS OF JOINING WIRE 


Besides the previously discussed methods of join- 
ing wire, joints can be secured with other metal con- 
nectors such as lugs and split-bolt connectors, Figs. 
9-17 and 12-26. Both types are used to join rather 
heavy wires, such as AWG (American Wire Gage) 
No. 6 or larger. Metal connectors or split-bolt types 
must be well wrapped with tape made of rubber, 
friction, plastic or a combination of these materials. 


COMPRESSION CONNECTORS 


Compression type connectors and lugs must be 
attached to conductors with a special tool, Fig. 
9-18. In addition, special terminal and splicing 
systems have been developed by many manufac- 
turers for more efficient and versatile wire 
connection. 

Some advantages of this type of system, shown 
in the series of illustrations in Fig. 9-19, are: 

1. Broader range of wire sizes. A single connector 
often will eliminate the need for two, three or 
more standard connecting devices. 

2. Less maintenance needed. Connections remain 
tight. 

3. Excellent electrical continuity and conduction. 

4. Vibration-resistant connections. Terminations 
are made with pressure tools and remain secure. 

5. Fewer tools needed for installation. A single tool 
will install all fittings. 

6. Constant insulation thickness at splices and 
terminations. 

7. Easy visual inspection of splice or termination. 

8. Wire twisting is eliminated. 


oN 


— 


—_—— 


_— 


Fig. 9-17. Lugs are designed to join large-diameter 


conductors. Left. Screw type lug. Right. Compression type 
lug. (Square D Co.) 


A 
B 
BACK OF 
TOOL 
— 
FOR 2006S AND 
CLOSED FOR 2008S SPLICE 
CARRYING CAPS AND ALL 
TERMEND® LUGS 
FOR 2011S 
E SPLICE CAPS 


Fig. 9-18. Special too! for attaching compression lugs and 
connectors. A— In closed position, indenters are visible. B—In 
open position, indenters retract so splice cap can be inserted. 
C—Crimp tool is adjustable for different sizes of connectors. 
Note various positions. (Amerace Corp., Elastimold Div.) 


CRIMIP TIPS 


41 TO SPLICE WIRES 


Strip wires approximately 3/4’’. 


SS | = 


Insert untwisted stripped wires through 
Splice Cap. 


E a. 


Twist wires (except for 2008S). 


Put tool latch in position “A” for 2006S or 
2008S, or position B for 2011S (see C-24 
tool illustration). Inset in tool. Squeeze to 


crimp. 


Cut wires flush with cap. 


Snap on nylon insulator (2007 for 2006S or 
2008S, 2014 for 2011S). 


See chart at far right for wire combinations listed by UL and CSA when using Splice Caps 
2006S, 2008S and 2011S appliled with C-24 pres-SURE tool. 


2 SPLICING SOLID WIRE 
TO STRANDED WIRES 


Loop solid wire if smaller than stranded 


=A 


When joining 2 or more solid wires to a 
larger stranded wire, twist solid wires to- 
gether (except when using 2008S). 


SPLICE CAPS 
Wire Combinations listed by Underwriter's Laboratories, Inc. 
and certified by Canadian Standards Association. 
(Partial Listing) 


1 with 1 to 6 

#16, t to5 

#14, 1 t03 
Stranded | #12 or 1 #10 
and Solid 

l to 3 with 1 


and Solid 


5 to 8 with 
1 to 3 #12 


1 to 3 with 1 
to 4 #18. 1 
to 2 #16, or 


1 to 3 with 

3to S$ #12 

or 3to4 
Stranded #10 


#12 or 1 #101 #14 or 1 #10 


1 or 2 with t 
to 4 #18, 1 
to 2 #16 or 


1 to 3 with 
5 to 8 #14 


3 or 4 with 
1 to 3 #14 
or l to2 
3to5with | #12 

1 to 3 #14 

1 with 1 
#8, 1 #16 
orl #4 


1 or 2 with 
310 4 #10 


FOR COPPER WIRE ONLY 


3 TO INSULATE SPLICES 


Just snap it on! Merely place Nylon Insu- 
lator over installed Splice Cap and snap on. 
(2007 for 2006S & 2008S; 2014 for 2011S) 


Cut-away below shows metallic retainer 
which holds insulator securely on installed 
Splice Cap. 


No wrapping! No threading! No vibration 
worries—JUST SNAP IT ON! 


4 TO TERMINATE WIRES 
WITH TERMEND® LUGS. 


a a — 


Strip wire(s) approximately 5/16”. 


Slip lug on wire—with tool latch in position 
"A" (see opposite page). 


Insert in tool with flat side of lug in up posi- 
tion so that tongue enters slot in latch. 


Squeeze tool to crimp. 


Termend® lug in proper 


© © position for crimping. 


5 TO REMOVE SPLICE 
CAPS or TERMEND® 
LUGS without 
damaging wires 


By “cutting” 


(Most effective when Splice Cap is full of 
wire.) Snip Splice Cap at both ands of one 
crimp, counteracting cutting pressure with 
index finger—then peel off cap. 

To remove Termend® lugs, snip off 
tongue and proceed as for Splice Caps. 


By “cold-working” 


(Most effective when cap is not full of wire.) 
Apply pressure alternately at 2 points 
90 degrees apart and between crimps— 
then pull off cap. 


6 TO REMOVE 


NYLON INSULATORS 


C Apply pressure alter- 
nately at 2 points 90 
degrees apart to “cold 
work” metallic re- 
tainer—or cut upside 
of insulator body. 


7 TO TERMINATE #6 
WIRE (Using two 
Termend® lugs) 


— o a 


Strip wire approximately 3⁄4”. 


Untwist wire lay and separate strands into 
2 approximately equal groups. 


Crimp a Termend® lug 
on each group. 


Bring flat sides of lugs together. 


8 STRAIN RELIEF SPLICE 


(for service entrance, etc.) 
Strip both wires approximately 12" and un- 


twist wire lay. &. 
= = 


Install two 2011S Splice Caps as shown, 
leaving about 1/16" between caps. 


Cut off the top half of the tip of an insulator 
and push remainder over cap. 


He 


Snap another 2014 insulator over the end 
cap. 


@ REDUCER TAP OFF 
LARGER WIRE 
(for parallel street 
lighting, etc.) 


Strip off insulation 
approximately 2” and 
squeeze to make wire 
loop as shown. 


Bend enough strands 
down so remainder 
will fit a 2011S Splice 
Cap. 


Lay tap wire against 
loop, put on Splice 
Cap and crimp. 


Insulate with tape,— 
or 2014 insulator if 
wire insulation per- 
mits. 


10 TEE-TAP 
(Where slack permits) 


Strip and loop wire; 
add stripped tap wire; 
splice; snap on insu- 
lator. 


Fig. 9-19. Splice tap and connecting system. As illustrated in the various panels, wires may be spliced, 
terminated or tapped using this system. It is suitable for wire gage sizes from No. 18 up through No. 6. 


System is equally effective with solid or stranded wires. 
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CRIMIP TIPS 


11 ADDING WIRE(#12 or 
Smaller) TO 2006S 
SPLICE CAP 


La 


——F C. 


Loop wire to be added and press into 
crimped indentation of 2006S. 


Device Wiring 


Force 2011S Splice Cap over joint... 
Crimp. 


Insulate with 2014. 


Place latch of C-24 tool in position “B” to 
permit passage of wire thru tool. (On #6 
wire remove lay.) 


12 PARALLEL SPLICE 


(For attaching one short free length of wire: 
or for splicing short free length of flexible 
lead to solid conductor of various shapes as 
in coil windings, etc.) 


Insert wires into opposite ends of Splice 
Cap and crimp. Insulate with tape. 


13 GROUNDING 
CONNECTION 


Splice wires with 2006S or 2008S Splice 
Cap. leaving one wire extending thru cap to 
permite attachment of a Termend® lug. 


14 TO TERMINATE TWO 
OR MORE WIRES 


beyond the barrel capacity of a Termend® 
lug: Splice wires, leaving one or more wires 
extending thru the cap to permit attach- 
ment of lug. 


15 TO SPLICE PIGTAIL 
SOCKETS TO 
STREAMERS 


Strip streamer wires at required intervals. 
Thread on required number of 2006S or 
2008S Splice Caps. 


Put tool latch in po- 
sition “B and slide 
tool over streamer. 
Crimp each cap in 
succession as shown. 
Insulate with tape. 


16 10 SPLICE TWO #4’s 
(Using two 2011S 
Splice Caps) 


Strip both wires 144", untwist wire lay and 
bend approx. % of each wire at right angles. 


Install Splice Cap as shown and trim off 
excess wire. 


Shape remaining strands around Splice Cap. 


Cut off the top half of the tip of a2014 Insu- 
lator and remove retainer ring—force over 


DSA 


Snap another 2014 insulator over the end 
cap. 


17 TO SPLICE BEYOND RANGE OF 2011S SPLICE 


CAP (3 or more #6's, 4 or more #8’s, etc.) 


(Splicing (3) #6's shown) 


= 
— ES 


Strip one wire 14%”, another wire 4", un- 
twist wire lay. 


| 
Wi 
ia 
| 


Install Splice Cap as shown. 


Cut off the top half of a 2014 insulator and 
push remainder over cap. 


Snap on another 2014 insulator. 


18 HERMETICALLY 
SEALED SPLICE 


19 FOR PRE-INSULATED 


Tough see-thru insulator permits visual 
inspection, easy testing from wire end. 


SPLICING 


Fill the insulator 1/3 full of insulating com- 
pound and push over installed Splice Cap 
for perfect hermetic seal. 


j 


#2002 combines copper Splice Cap and 
nylon insulator in one unit. Just 1 size 
splices 2 thru 6 #18 stranded, 3 thru 5 #18 
solid, 2 or 3 #16 stranded or solid, 2 #14 
stranded and many other combinations. No 
wire twisting. 


adian 


3-indent rolling action crimps evenly with- 
out damaging insulation. Use BUCHANAN 
P-50 pneumatic tool. 
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Fig. 9-20 illustrates splice caps, insulators, and 
terminal lugs. All are attached with the crimping tool 
shown in Fig. 9-18. 


WIRING SWITCHES, RECEPTACLES AND LAMPS 


It is important for the electrician to become 
familiar with the wiring principles for switches, 
receptacles and lamps. This section explains the 
various devices and how they are to be wired to the 
National Electrical Code. 


SWITCH WIRING 


Common switches are generally the same in size 
and appearance. Their function, of course, is to con- 
trol the flow of electricity to one or more electrical 
devices. These devices include receptacles, fix- 
tures, lamps, and heaters. Switches are common- 
ly rated at about: 

1. 125 volts at 10 amperes. 
2. 250 volts at 5 amperes. 

Other switches for special purposes are rated at 
smaller or larger voltages and amperages. 

The most common switches are single-pole, 
three-way, and four-way. See Fig. 9-21. A single- 
pole switch, as pictured in Fig. 9-22, never has 


SINGLE 


POLE NEUTRAL 


SPLICE CAPS AND INSULATORS 


Nylon 
Insulators 


(2) #18 thru 


(4) #12 
or (2) #10° 


(3) #12 thru 
(3) #8 or 


“or equivalent combinations 
TFor splicing without wire twisting 


RING TONGUE 


SPADE TONGUE 


ROCKING TONGUE 


Fig. 9-20. Top. Splice caps and nylon insulators create strong 

splices which resist loosening by vibration, expansion, or con- 

traction. Bottom. Lugs designed for making neat wire endings 
on larger conductors. (Amerace Corp., Elastimold Div.) 


HOT LEG 


Control current going to 
a load (such as light) 
when only one location 


of control if needed 


SWITCH HOT LEG 


FROM SOURCE 


NEUTRAL 


SOURCE 


Control current going 
to load when two control 
locations are required 


NEUTRAL 


SOURCE 


Control current going to 

load when control is needed 
from three or more locations. 
Always used with pair of 
three-way switches 


4-WAY 3-WAY 


Fig. 9-21. Comparison of three types of switches used in residential wiring. These types control lights 


and, sometimes, receptacles used for lamps. 


(Leviton Mfg. Co. Inc.) 
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(Bryant) 


Fig. 9-22. Side view of single pole switch. 


more than two terminals. Three and four-way 
switches have three and four terminals respectively. 
The switch function, regardless of type, is to in- 
terrupt the hot ungrounded wire only. It must never 
be placed on the grounded neutral (white) wire or the 
ground wire (bare green). We will explore all types of 
circuits and how to connect them in Chapter 11. 


RECEPTACLE WIRING 


Outlet receptacles are used to transfer electrical 
energy from conductors to such devices as lamps, 
toasters, radios, television sets, blenders, vacuum 
cleaners, and numerous other appliances. They are 
connected with a flexible service cord which has 
a two or three-pronged (bladed) plug on the end. 


MAKEUP OF A RECEPTACLE 


A receptacle’s current-carrying and grounding 
parts are arranged on a yoke or strap that is to be 
connected to a box with two small screws. The 


BREAK-OFF 
FIN 
op SPRING CLIPS 
S j PRESS ON PRONGS 
P- OF PLUGS 


TERMINAL 
SCREWS 


Fig. 9-23. Cutaway of duplex receptacle. Note that contacts 

are shaped like spring clips. They will keep a light pressure on 

blades of plugs to assure good electrical contact. Break-off fin 
ties two like terminals together. (Bryant) 


f HUBBELL 


ORE 


Fig. 9-24. Typical grounding type receptacles. Left. Single 
receptacle. Right. Duplex type with one receptacle reserved 
for 250 volts. (Harvey Hubbell Inc.) 


parts which conduct current to the appliance cord 
are enclosed inside nonconducting material. Con- 
tacts are made of tough alloys which hold their 
shape and remain springy even after years of ser- 
vice. See Fig. 9-23. When a plug is pushed into the 
slots, its blades push the metal contacts apart. Ten- 
sion of the metal maintains good electrical connec- 
tions against the blades. Thus, current may flow 
through the contacts into the plug easily. 


DUPLEX RECEPTACLE 


A duplex receptacle, like the one shown in Fig. 
9-24,B, will hold two appliance or lamp cord plugs. 
A grounding type duplex receptacle will have five 
terminals. Two are for the grounded neutral wire and 
the screws will be light or silver color. Of course, 
push-in type terminals have no screw. The terminal 
will be marked to indicate which is neutral. 

Two brass or dark colored terminals are for the 
‘‘hot,’” ungrounded or black wire connections. The 
fifth terminal is for connecting the bare or insulated 
green wire that goes to ground. This terminal is elec- 
trically connected to the U-shaped grounding slot 
on the front of the receptacle. 

There are other important electrical connections 
you should know about before wiring the 
receptacle: 

1. Between the two neutral terminals. 

. Between the two hot terminals. 

3. Between the grounding slot, green hex-shaped 
ground screw, and the metal bracket (yoke) 
which supports the receptacle in the box. 
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The grounding connections are permanent but 
connections between the other terminals can be 
eliminated under certain situations. These instances 
will be covered later. 

Receptacles intended for 120 V appliances and 
other electrical devices have two vertical, parallel 
slots plus the U-shaped ground openings. Other 
receptacle outlets have different configurations 
(shapes). They are designed to accept only locking 
plugs or other special plugs. See Fig. 9-25. 
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Fig. 9-25. Locking type duplex receptacle. Covers remain 
closed when outlet is not in use. (Harvey Hubbell Inc.) 


MAKING THE RECEPTACLE GROUND 


Methods of grounding the receptacles vary. It 
depends on the kind of conductor system used and 
whether the boxes are metal or plastic. In a metal 
conduit system, the conduit and metal boxes pro- 
vide a proper ground all the way back to the ser- 
vice entrance panel. In this case, there is no need 
for a grounding conductor. When the receptacle is 
attached to the box, grounding contact is made 
through the receptacle yoke and screws to the box. 
Also a bonding jumper must be installed between 
receptacle grounding screw and metal box. 

Other wiring systems including armored cable 
(BX), flexible metal conduit (Greenfield), nonmetallic 
cable, and rigid plastic conduit, require a ground 
wire. There must be continuity from the grounding 
screw of the receptacle to the box (if metal) and 
to the ground wire. 


ATTACHING CURRENT-CARRYING CONDUCTORS 


The wiring of receptacles is easy and simple. Con- 
nect the white neutral wire to the side of the device 


that has the silver or light-colored screws. Then con- 
nect the black or hot wire to the other side. This side 
will have brass or dark-colored screws. See Fig. 9-26. 


When more than one receptacle is to be added 
onto the circuit from the first one they can be con- 
nected as shown in the Fig. 9-27. It is best to make 
the connections through a pigtail arrangement as 
shown in view B of Fig. 9-27. 


SPLIT-WIRED RECEPTACLES 


A split-wired receptacle is one in which one of 
the outlets in a duplex receptacle is controlled by 
a switch while the other is always energized. One 
neutral wire can still serve both outlets, however, 
two hot wires are required. One will go to a switch; 
the other to source. The break-off fin must be 
removed from between the hot-side (dark colored) 


BLACK OR 


WHITE OR HOT WIRE 


NEUTRAL WIRE 


NICKEL OR LIGHT 
COLORED TERMINALS 


BRASS-COLORED 
TERMINALS 


GREEN OR BARE 
GROUNDING 
CONDUCTOR 


GREEN 


Hee (Ce 


SCREW 
Fig. 9-26. How to connect grounding type receptacle to con- 
ductors. Attach bare or green insulated wire to green hexhead 
screw; black hot wire to brass terminal screw; white wire to 
light or silver-colored screw. (OSHA) 


terminals. Fig. 9-28 shows a break-off fin as well 
as simple schematics of a split-wired receptacle. 

As you know, receptacle outlets are manufac- 
tured in various configurations. A few of the more 
common ones are shown in Fig. 9-29. Other types 
of locking plug and receptacle configurations are 
shown in the Technical Information section at the 
end of this book. 


FIXTURE WIRING 


Fixtures or lamps are wired in the same way as 
outlets. The neutral or white wire of the source is 


Device Wiring 


SOURCE 


TO 
ADDITIONAL 
OUTLETS 


A 
TO NEXT OUTLET 
a 
PIGTAILS TO we, BARE OR 
DEVICE OUTLET, GREEN GROUNDING 
OR FIXTURE... WIRE 
B C 
Fig. 9-27. Connecting a number of receptacles in a row on the same circuit. A—Schematic shows wiring arrange- 
ment. B—One method of running wires to next receptacle. (GE) C—Pigtail method is preferred to direct connection 
to the other terminals of the receptacle. Grounding wire is required unless metallic conduit is being used. 
UPPER 
BREAK-OFF FIN RECEPTACLE 
REMOVED ON THE SWITCHED 
HOT SIDE ONLY 
BREAK-OFF 
FIN 
BREAK-OFF REMOVED 
FIN 
LOWER 
RECEPTACLE 
ALWAYS HOT 
H “~~ SWITCH 
H 
DOUBLE POLE BREAKER 
OR TWO SINGLE POLE TIE BAR OR 
BREAKERS WITH “‘HANDLE- DOUBLE POLE 
TIE” OR A TWO POLE SWITCH BREAKER | | 
A B € 


Fig. 9-28. Duplex receptacles have break-off fins which can be removed to split-wire the outlet. Then one outlet 
is controlled by a switch while the other is always hot. A— Duplex receptacle showing break-off fin. B—Hot wires 
of a split-wired receptacle must be on the same double-pole circuit breaker or two single-pole breakers with a tie bar. 
C—Diagram of a split-wired outlet with one outlet controlled by a switch. (Bryant) 
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2-POLE 2-WIRE 


2-POLE 3-WIRE GROUNDING 


(RESERVED FOR FUTURE CONFIGURATIONS) 


(RESERVED FOR FUTURE CONFIGURATIONS) 


RECEPTACLE PLUG 


PLUG 


2-30R 2-30P 


we 
50R i 

6- 
0 


24 
50 


Fig. 9-29. Receptacles are manufactured for many different purposes. These are a few of the many 


configurations (shapes to fit special kinds of plugs). 


connected to the white or otherwise neutral in- 
dicated wire of fixture. The black wire (from the 
source) is connected to the other terminal of the fix- 
ture. Fig. 9-30 shows wiring arrangement for a sim- 
ple pull chain fixture. This fixture is at the end of 
arun. A ground wire (bare or green insulated) should 
be connected between the box and the grounding 
screw on the fixture. Fig. 9-31 shows the same pull 
chain fixture further along a circuit run. Note the 
symbols and schematics for these hookups. 

Fig. 9-32 shows a fixture controlled by a switch 
rather than pull chain. If metal conduit is used, the 
green grounding conductor is not necessary since 
the conduit itself becomes the grounding means. 
Note that the feed source is to the fixture in the pic- 
torial, but not to the switch in the schematic. 


MOUNTING FIXTURES 


It is important to understand how fixtures are 
safely and securely attached to a wall or ceiling box. 
Fixtures may be mounted to boxes in a variety 
of ways depending on: 
1. Type of fixture. 
2. Location of fixture. 
3. What wall or ceiling is made of (composition). 
4. Weight of fixture. 

The types of fixtures may range from surface- 
mount to recessed, chain-supported or not, small- 
sized to enormous chandeliers. Regardless of type, 
fixture must be mounted securely to the outlet box. 
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(NEMA) 


Where the fixture is to be mounted will affect the 
manner of supporting it. Usually, wall-mounted fix- 
tures are lightweight and can be directly mounted 
to the box without special mounting devices. 
Heavier fixtures require substantial box supports 
and braces, often referred to as box hangers. These 
attach to joists above the finished ceiling. 


GROUNDING WIRE 


2 WIRE 
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SYMBOL 
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FIXTURE 
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CIRCUIT DIAGRAM 


Fig. 9-30. Wiring arrangement for a pull chain light fixture. 
Compare symbol and wiring diagram with actual fixture. Ground- 
ing wire (green or bare) must be used with cable conductors. 
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Fig. 9-31. Method of wiring a fixture when conductors must 
go on to another fixture. Note symbol and diagram. 
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Fig. 9-32. Simple circuit using switch to control a light. Feed 
is to fixture. 


If you are mounting a fixture in plaster and lath, 
wallboard, sheetrock or any other of the various wall 
finishings, special considerations must be given to 
the best procedure to follow. Care must be taken 
not to damage the fixture or finished surface. 

The illustrations in Fig. 9-33 will serve as a 
guideline for methods and devices used to mount 
fixtures. Often, special fittings are supplied with the 
fixture. 


FIXTURE 
STUD 


OR NIPPLE 


CANOPY 


Fig. 9-33. Wiring instructions for wiring and hanging ceiling 
or wall fixtures. 
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REVIEW QUESTIONS — CHAPTER 9 


The word” in the National Elec- 
trical Code indicates a condition which must 
be met. 

List a guide for wire size which the electrician 
uses. 


Code Articles 300 to 398 go into considerable 
detail on certain aspects of electrical wiring as 


follows: 

a. Specifies materials to be used under cer- 
tain conditions. 

Deals with grounding and bonding only. 
Deals with the methods of wiring to be 
used by the electrical industry and the 
electrician. 

Why should grooving or nicking or a wire be 
avoided during stripping of insulation? 

. A splice of two conductors is usually secured 
witha = ———————. These devices 
are quickly fastened to the splice, require no 
soldering, and provide insulation over the 
bared wires. 

Which of the following is the most commonly 
used method of joining No. 12 or No. 14 cir- 
cuit wires? 


b. 
©» 


a. Lugs. 

b. Split-bolt connectors. 

c. Western Union Splice. 

d. Wire nuts or solderless connectors. 
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ds 
8. 
oe 


10. 


Tig 


12. 


13. 


14. 


When soldering electrical connections, always 
use___ core solder. 
The brass or dark-colored screw on the duplex 
outlet is for the conductor. 
The white, neutral conductor must never be 
interrupted by a switch. True or False? 
Electrical connections, taps, or splices can be 
done outside an electrical box or enclosure. 
True or False? 
Connectors and connecting points are marked 
“CU~“ for and “AL” for 
wire. 


Complete the following diagram using a 


separate sheet of paper: 
LOAD 


a 


SINGLE 
POLE 
SWITCH 


SOURCE 


Explain the purpose of the green hex screw on 
a grounded receptacle. 

How a fixture will be attached to a box 
depends upon what four things? 


Information in this chapter will enable you to: 
e Define a branch circuit. 
e Name types and purposes of branch circuits. 
List minimum NEC regulations for each type 
circuit. 
Calculate circuit loads. 
List requirements for location of receptacles. 
List requirements for placement of lighting. 
Know where to find NEC rules for installation 
of light fixtures. 
e Cite requirements for split-wired circuits. 


The electrician must consider future as well as 
current demands on a residential building's electrical 
system. Planning of circuits should go beyond the 
Code’s minimum requirements. The system must 
be as safe and adequate in 20 years as it is today. 


OBSOLETE WIRING 


Obsolete wiring refers to wiring which becomes 
inadequate for any reason. It shows up in problems 
such as the following: 

1. Too few wall outlets in rooms. 

2. Pull chains on lights where there should be 
switches. 
Circuits in which fuses “blow” frequently or 
where the circuit breakers trip often. 

Overuse of extension cords. 

No outdoor, weatherproof, or GFCl-protected 

receptacles where required. 

Service entrances less than 100 A. 

Inadequately sized and obsolete circuit conduc- 

tors. See Fig. 10-1. 
It is possible to place all the electrical loads in a 
building on a single circuit. That is, every light, every 
appliance, and every piece of electrical equipment 
would draw its power from one electrical path. 

However, even if this could be done safely, it 
would not be convenient. Every time the fuse burn- 
ed out or the circuit breaker tripped, the entire elec- 
trical system would shut down. All lights would go 
out and all appliances would stop working. 

To divide the load, the electricity entering a 


oo 
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building is distributed into what are called BRANCH 
CIRCUITS. A branch circuit is a separate electrical 
path, independent of other electrical paths in the 
building. It draws its current from the power panel 
and is protected by its own fuse or circuit breaker. 
It serves one or more outlets for receptacles, 
switches, or fixtures. Fig. 10-2 is a schematic of 
branch circuits coming out of a service panel. The 
end result is an electrical service that is divided. A 
failure of any one circuit does not disable the rest 
of the system. 


TYPES OF BRANCH CIRCUITS 


The types and purposes of branch circuits used — 
especially in a dwelling—can be divided into several 
main categories: 

1. General purpose (lighting) circuits. 

2. Small appliance (kitchen, laundry) circuits. 

3. Individual or large appliance circuits. (These are 
permanent, single-unit circuits that serve water 
heaters, furnaces, air conditioners, and electric 
ovens or ranges.) 

4. Motor circuits (garage, shop, work areas). 


Fig. 10-1. Obsolete wiring. An inadequate wiring system, 

such as is indicated by this entrance panel is inefficient, over- 

taxed, and dangerous. Electrical system components showing 
deterioration should be replaced. (Scott Harke) 
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SUB-FEEDS, DRYER, SPARES, ETC. 


Fig. 10-2. Schematic of a 200 amp service entrance 


120 V 

120 V 

120 V GENERAL LIGHTING LOAD 

120 V 

120 V 

120 V KITCHEN APPLIANCE 

120 V KITCHEN APPLIANCE 

120 V LAUNDRY 

120 V GFCI BATHROOM RECEPTACLE 
WATER HEATER 

120 V GFCl GARAGE RECEPTACLES 

120 V AIR CONDITIONING 

120 V GFCI OUTDOOR RECEPTACLES 

120 V HEATING MOTOR LOAD {FURNACE) 


. The 22 branch circuits will meet minimum standards and 


provide for future expansion. Note that each branch has its own circuit breaker. 


We shall investigate each of these types of branch 
Circuits in order to determine the purpose, minimum 
regulations, and future needs. 

First, it is necessary to explore two key factors 
in planning branch circuits: 

1. NEC spectifications for loads. 
2. Actual load calculations. 


MAXIMUM NUMBER OF OUTLETS 


The NEC clearly outlines the method of determin- 
ing the number of general lighting circuits for 
residences, Fig. 10-3. The Code allows 3 VA per 
square foot of floor area. It does not formally specify 


the maximum number of outlets permitted for the 
entire building or even for each circuit. However, the 
continuous load on any branch circuit is not to be 
greater than 80 percent of the circuit rating. The 
maximum wattage for each circuit (CKT) is found as 
follows: 


CKT amperage x CKT voltage x .80 
= CKT volt-ampere (VA) 


A 20 A branch circuit, for example, can have a max- 
imum continuous load of: 
20A x 120V x .80 = 1920 VA 
While this is clear-cut as far as the total wattage 
per circuit is concerned, some other considerations 
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Fig. 10-3. 


: UNFINISHED 
| SPACE EXCLUDED 
FROM COMPUTED 


OCCUPIED AREAS 
[isa] COMPUTE LOAD 
FLOOR AREA AT 3 VA/SQ. FT. 


The general lighting load is determined by the unit load per square foot method. For residences this 


is 3 VA/sq. ft. Occupied areas only are counted. 


must be included in order to determine the number 
of outlets for each circuit. 

The load for each lighting outlet can vary con- 
siderably. Although some lighting fixtures, like 
fluorescents, draw a constant load, others to not. 
Most lighting fixtures can accommodate 25, 40, 
60, 75, 100, or 150 W bulbs. 

The receptacle outlet load is also variable. Some 
outlets are rarely used. Others may have no more 
than a small night-light connected to them. Still 
others may operate a 100+ W table lamp, floor 
lamp, or portable heater. 


DETERMINING LOADS 


These factors are important and lead to the 
general rule-of-thumb: allow 180 W (volt-amperes) 
per grouped duplex receptacle outlets. See Fig. 
10-4. It assumes maximum bulb rating for each fix- 
ture. Total wattage is not to exceed that permitted 
for the branch circuit amperage rating. 

Fig. 10-5 and Fig. 10-6 show a typical entrance 
and hallway. We shall see if the fixtures and recep- 
tacles for these areas can be placed ona single 15 A 
branch circuit. The following outlets and fixtures 
are needed: 


Outlet Assumed Load (max.) 

1 ceiling fixture (hallway) .......... 150 VA 
1 ceiling fixture (entrance) ......... 150 VA 
3 receptacles (hallway) ........... 540 VA 
1 receptacle (entrance) ........... 180 VA 
TOTAL 1020 VA 


SINGLE RECEPTACLE 
180 VA 


Tal 


DUPLEX RECEPTACLE 


180 VA TRIPLE RECEPTACLE 


180 VA 


Fig. 10-4. Each single, duplex, or multiple outlet should be 
considered at not less than 180 volt-amperes (VA). 


Fig. 10-5. Typical entrance should have switch controlled 
lighting. A GFCl-protected weatherproof outlet may be desired. 
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Fig. 10-6. Hallway such as this should be provided with at 
least one light fixture which can be controlled from every 
entrance. 


This does not exceed the maximum allowable 
load for a 15 A branch circuit (15 A x 120 V 
x .80 = 1440 VA). The hallway and entrance 
can be placed on one circuit with a 15 A overcur- 
rent protection device. 


BRANCH CIRCUIT DESIGN 


Article 210 of the NEC outlines the rules regard- 
ing the general provisions and specific requirements 
for branch circuits. These rules, when followed, will 
certainly provide the safe wiring of the branch cir- 
cuits. However, what about more than just ade- 
quate wiring? 

As outlined earlier, you should plan for more than 
adequate wiring. With the ever-increasing uses of 
electrical power, good planning is essential. 
Remember, the electrician must look well beyond 
the minimum required. 

Besides a well planned service entrance, dis- 
cussed in Chapter 12, other factors demand careful 
consideration: 

Wire capacity. 

Switches. 

Outlets (plug-in receptacles). 
Lighting. 

Number of circuits. 

Special outlets. 

Proper overall design. 


NOARONS 


WIRE CAPACITY 


Although the Code specifies No. 14 AWG as 
minimum wire size, it would indeed be unwise to 
use anything smaller than No. 12 in homes built to- 
day. Lighting and receptacle outlets wired with No. 
14 will almost certainly be inadequate in 10 to 20 
years. Keep this in mind, not only for lighting and 
receptacle load considerations, but for a// feeder 


calculations. For proper wire ampacities, refer to Fig. 
3-11 of this text and NEC Table 310.16. 


WALL SWITCHES 


Wall switches were once considered convenient lux- 
uries to replace the pull-chain or pushbutton switches 
on the fixtures themselves. Today, pull-chain or other 
similarly controlled fixtures are usually inadequate and 
should be avoided in most locations. All lights should 
be controlled be a switch or pair of switches located 
near the entrance(s) to a room. 

Wall switches should be placed in locations which 
are accessible and at a height suitable for all 
occupants. Generally, wall switches are 48-52 in. 
above the floor level and on the latch side of a 
doorway, Fig. 10-7. Article 404 of the Code describes 
additional installation requirements. 


PLUG-IN RECEPTACLES 


Code requires that outlets be provided in the 
kitchen, family room, dining room, living room, 
parlor, library, den, sun room, breakfast room, 
bedroom, recreation room and other similar rooms 
in a dwelling. These outlets must be located so that 
no point along any wall will be more than 6 ft. (183 
mm) from a receptacle. This rule applies to wall 
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Fig. 10-7. Wall switches must be located at convenient 
heights. The preferred height, for most installations, is 48 to 
52 in. above floor level. Locate the switch on the latch side 

of the doorway. 
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—+ 2" 


WALL SPACES OF 2 FT. OR MORE 
REQUIRE A RECEPTACLE 


FROM ANY POINT ALONG 
A CONTINUOUS WALL SPACE, 

RECEPTACLE MUST NOT BE 
MORE THAN 6 FT. AWAY 


Fig. 10-8. Receptacles must be no further than 12 ft. apart 
along any continuous wall space. 


spaces 2 ft. (61 cm) or more wide. Included are 
outside wall spaces occupied by sliding panels. 

Where fixed room dividers or freestanding 
counters add to the wall space, the same 6 ft. rule 
applies. See Fig. 10-8 and refer to Section 210.52 of 
the National Electrical Code. 

A receptacle outlet must be installed at each 
island or peninsular-type counter top that is 24 in. 


DUPLEX 
OUTLET 


MUST HAVE GFCI 
PROTECTION AT 
ALL RECEPTACLES 
SERVING COUNTERTOPS 


Fig. 10-9. A receptacle is required in every 
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REQUIRED AT ALL 
KITCHEN COUNTERTOPS 
12 IN. OR WIDER 


RECEPTACLE 
(WITH GFCI) 


Fig. 10-10. Each receptacle near bathroom sink must have 
GFCI protection. 


or more in length and 12 in. wide. It may be installed 
along the side, but within 12 in. of the counter top. 


RECEPTACLE LOCATION 


In essence, receptacle outlets are required in the 
following places as illustrated: 
Above counter spaces in the kitchen and din- 
ing areas, (when wider than 12 in.), Fig. 10-9. 
Next to bathroom basin. Code specifies use of 
a GFCI (ground fault circuit interrupter). See Fig. 
10-10. 
Outdoors (with a GFCI), Fig. 10-11. 
Laundry area, Fig. 10-12. 
Basement area (with a GFCl), Fig. 10-13. 


NI — 


aE 


DUPLEX 
OUTLET 


kitchen counter space wider than 12 in. 
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D WEATHERPROOF 
RECEPTACLE 
WITH GFCI 


Fig. 10-11. One outdoor receptacle outlet is required at both the 
front and back of the dwelling. These receptacles must be housed 
in a weatherproof box and must have GFCI protection. 


6. Garage (with a GFCI), Fig. 10-14. 

7. Any wall space in excess of 2 ft. and along fixed 
room dividers, Fig. 10-15. 

8. Hallways. 

9. Crawl spaces at or below grade, where ser- 


viceable equipment exists. 
SPLIT-WIRING 


Often, receptacles are split-wired so one outlet 
may be controlled by a switch. The upper half of 
the receptacle is always hot while the bottom half 


LAUNDRY — DEDICATED 
20 A RATED CIRCUIT 


WITHIN 
6 FT. 


OTHER RECEPTACLES 
INSTALLED IN THE 

LAUNDRY AREA SHOULD 

HAVE GFCI PROTECTION 


CAA 


Fig. 10-12. Laundry area must have one receptacle located 
within 6 ft. of laundry appliances. This circuit is for appliances 
only. Lighting must be on a different circuit. GFCI is optional. 
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Fig. 10-13. At least one receptacle outlet must be placed in 
the basement for general use. GFCI protection is required. 


is switched. This method of wiring is most frequently 
used in parlors, dens, and living rooms, Fig. 10-16. 


SPACING 


In addition, receptacle outlets should be placed 
12 to 15 in. above the floor line and as close to the 
ends of large wall spaces as is possible. This 


DEDICATED 
FOR FREEZER 
GFCI NOT 
REQUIRED 


ALL OTHER 
OUTLETS MUST 


we HAVE GFCl’s 


Fig. 10-14. Garage must have at least one GFCl-protected 
receptacle outlet. Other outlets used exclusively for freezer or 
garage-door-opener need not be GFCI protected. 
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avoids concealment of the outlet by sofas or other 
large pieces of furniture. Remember, receptacles must 
be evenly spaced and so placed that no space along 
the adjacent floor line is more than 6 ft. from an outlet. 
Once again, refer to Section 210.52 of the Code for 
more details. Extension cords are poor substitutes for 
fixed receptacle outlets. 


FIXED ROOM DIVIDER— 
THIS INCLUDES OPEN 
RAILINGS, BREAKFAST BARS, 
AND SIMILAR DIVIDERS 


Fig. 10-15. A fixed room divider shall have an outlet on each 
side, especially when necessary to maintain the 6 foot rule. 


SYMBOL FOR SPLIT-WIRED 
RECEPTACLE 


Fig. 10-16. Receptacles may be split-wired. That is, the upper 
half of the receptacle is always ‘hot’, while the bottom portion 
is switch controlled from each entrance. Thus, floor and/or table 
lamps plugged into the bottom half can be switch activated. 


REQUIRED LIGHTING 


The Code clearly points out that there are certain 
lighting outlets that are required in dwelling oc- 
cupancies. Essentially every room, hallway, stair- 
way, attached garage, detached garage (with power 
supplied to it) and every entranceway must have 
at least one wall-switched lighting outlet. In addi- 
tion, the attic, utility room, basement and below- 
floor crawl spaces (if used to store items) must have 
at least one lighting outlet which must be wall 
switched. 

There are exceptions to these basic requirements: 
1. A wall switched receptacle is permitted in rooms 

other than the kitchen or bathroom where a 


lamp may provide lighting instead of a wall or 
ceiling fixture. 

2. A remote-controlied switch could be used for 
hallways and stairs. 

These basic requirements are shown in Fig. 10-17. 

The quality of lighting and types of lighting fix- 
tures available are beyond the scope of this book. 
However, good lighting is essential to personal well- 
being and should be carefully considered. 

Good lighting should provide an adequate amount 
of light where it is needed. It should not create 
shadows or glare. In order to understand good 
lighting the electrician must familiarize himself or 
herself with the criteria which go into creating good 
lighting. Terms such as cand/epower, lumens, foot- 
candles, as well as others, must be understood to 
get a real insight into the proper quality of lighting 
for the home. 


LIGHTING DEFINITIONS 


Ballast—an electrical device used in fluorescent and 
high intensity discharge (HID) fixtures. It furnishes 
the necessary starting and operating current to the 
bulb for proper performance. 

Ballast Power Factor—the relative efficiency of the 
use of electric current. High-power-factor ballasts 
use about one-half the line current of normal-power- 
factor ballasts. Hence, wiring costs, circuit loading, 
and certain energy costs (from use of utilities) can 
be less with a higher-power-factor ballast. 

Class “P” Ballast—a ballast with internal thermal 
protection that disconnects ballast from power 
source should it overheat, thereby minimizing pos- 
sible fire hazards. 

Footcandle—the quantity of light reaching a surface. 
It is equal to the number of lumens divided by the 
square footage of the surface the lumens are cover- 
ing, i.e., one lumen covering one square foot equals 
one footcandle. 

Glare— excessive brightness from a light source 
(direct) or from a surface reflecting the light 
(indirect). 

HID—high intensity discharge. Defines a group of 
long lasting light sources comprised of mercury 
vapor, metal halide, or high pressure sodium. All 
sources need a ballast for operation and will operate 
down to —20°F. 

High Output (HO)—a class of fluorescents similar 
to rapid start. Available in wattages up to 110W 
to provide for greater lumen output than rapid start. 
HO lamps have recessed double contact bases, and 
will operate only with HO ballasts. 

Instant Start (Slimline)—a class of fluorescents. 
Ballast provides a high starting voltage surge to 
quickly light the lamp. All instant start lamps have 
a single pin base and can be used only with instant 
start ballasts. 
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Lumen—the quantity of light emitted by a light 
source. 

(LVD) Low Voltage Disconnect —circuitry used on 
emergency lighting fixtures. Disconnects battery 
from load when battery voltage drops below a given 
rating. Prevents unnecessary deep discharge of bat- 
tery, thereby prolonging battery life. Does not inter- 
fere with the time rating of fixture. 

Preheat—a class of fluorescents. Requires a starter 
which allows the lamp filaments to be properly 
heated up before allowing the ballast to supply the 
correct current flow. All preheat lamps have medium 
bipin bases. Cannot be used with other fluorescent 
ballast types. 

Rapid Start—a class of fluorescents. Ballast pro- 
vides a minute amount of current to keep the lamp 
filaments constantly heated. This minimizes the 
starting voltage surge and provides quick lighting 
of the lamp. All rapid start lamps have medium bipin 
bases and can be used with preheat ballasts. 


A detailed guide concerning proper illumination 
and types of lighting fixtures, or luminaires, as they 
are more correctly termed, may be found in the 
publication, ‘‘Recommended Practice of Residence 
Lighting,” distributed by the ///uminating Engineer- 
ing Society, (IES). 


LIGHTING FIXTURE INSTALLATION RULES 


Article 410 of the NEC contains almost 100 sec- 
tions dealing with: 
Fixtures. 
Pendants. 
Arc lamps. 
Discharge lamps. 
Incandescent filament lamps. 
Lampholders. 
The wiring and equipment forming the above 
lighting and its installation. 


1 
2 
3 
4. 
5 
6 
7 


ATTICS MUST HAVE ONE 
LIGHTING OUTLET THAT 
MUST BE SWITCHED 


HALLWAYS MUST HAVE 


ONE LIGHTING OUTLET as 


A WALL-SWITCHED LIGHTING 
OUTLET IS REQUIRED 
IN THE GARAGE 


ALL ENTRANCES MUST 
HAVE A LIGHTING OUTLET 


© 


CTS 4 
GARAGE E 


MUST HAVE AT mP 


LEAST ONE WALL- 
SWITCHED LIGHTING 
OUTLET 


Bnet 
ROOM HALL 
Aoo 
=a 


KITCHEN 


CIRCUIT DIRECTORY 


Circuit 1 
Lighting 15 A- 120 V 
Circuit 3 
Lighting 15 A- 120 V 


Circuit 5 
Small Appliance 20 A- 120 V 


Circuit 2 
Lighting 15 A- 120 V 


Circuit 4 
GFCI- 20 A-120 V 


Circuit 6 
Small Appliance 20 A- 120 V 


Circui 
Spa 


Circuit t 8 
re 
Circuit 10 12 


Laundry 20 A 
9 
Water Heater 
30 A- 240 V 


Circuit 13 
Furnace 20 A- 120 V 


15 17 
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Circuit 
Clothes Dryer 
30 A- 240 V 


Circuit 14 
Air Conditioner 20 A- 120 V 
16 18 


Circuit Circuit 


Heater Range 


20 A- 240 V 50 A -240 V 


Fig. 10-18. Typical single-family residence circuit scheme. 
Note 240 V circuits set aside for appliances. 


NUMBER OF CIRCUITS 


The Code generally divides the main types of cir- 
cuits into two broad categories: 


1. Those of a special nature serving individual 
devices like water heaters, space heaters, large 
appliances, and the like. 

2. Those of a general nature which feed outlets for 


lighting or receptacles. 

The total number of circuits will be governed by 
the number of special circuits needed plus the 
calculated general lighting (and receptacle) require- 
ment. Fig. 10-18 lists the circuits in a typical 
residence. 


ALL ROOMS MUST HAVE 
AT LEAST ONE WALL-SWITCHED 
LIGHTING OUTLET OR WALL — 
SWITCHED RECEPTACLE 


a 
Q 
ROOM 


© 
ROOM 


STAIRS MUST HAVE 
LIGHTING OUTLET. MAY 
BE REMOTE SWITCHED 


BASEMENTS MUST HAVE 
ONE WALL-SWITCHED 
LIGHTING OUTLET 


Fig. 10-17. These are the basic residential outlet requirements. 
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APPLIANCE CIRCUITS 


Separate circuits should be provided for each of 
the following: 

. Water heater. Electric water heaters should be 

connected to a 30 A, 240 V circuit. 

Clothes washer. This is usually included under 

the laundry circuit. It requires a 20 A, 120 V 

circuit. 

. Clothes dryer. A dryer will most often be rated 

at around 5 kW. Therefore it should have a 

separate, 30 A, 240 V circuit. 

Furnace will require a 20 A, 120 V circuit. 

Range is generally connected to a heavy-duty 

50 A, 240 V power outlet as shown in Fig. 

10-19. 

. Heaters. Each should be on a circuit no smaller 
than 20 A, 240 V. Follow the manufacturer’s 
recommendation. i 

. Motors (1/4 hp or more). Motor circuit sizes 
must be determined on the basis of their 
nameplate rating. Disconnecting means must be 
located in sight of the controller, Fig. 10-20. 
See Article 430 of the NEC regarding motor cir- 
cuits. Careful study of this Article is essential 
for proper motor Circuit sizing and coordination. 

. Dishwasher. A typical dishwasher is generally 
placed on the 20 A, 120 V kitchen appliance 
circuit. 

. Air conditioner. Depending on the size, a circuit 
of 20 A, 120 V and up is in order. Large air 
conditioners must be carefully evaluated since 
they are important criteria in computing the ser- 
vice entrance size. 


Fig. 10-19. A—A 50 A, heavy-duty range receptacle. It is a 
general purpose, two-pole, three wire type. (Bryant B— Three- 
pole, three wire, 50 A range receptacle. 

(Leviton Mfg. Co., Inc.) 


109 


FIGURING GENERAL LIGHTING CIRCUITS 


Table 220.3(A) of the NEC permits a load of 3 VA 
per square foot for lighting in occupied areas of 
dwellings. (As you learned eariler in this chapter, you 
do not count space such as attics, porches, and 
basements as being occupied.) 

For example, we shall determine the number of 
general lighting circuits needed for a dwelling with 
an occupied area of 1500 sq. ft. The ampacity of 
the circuits may be either 15 or 20 amperes. 


1. First, find out how many watts the Code re- 
quires of the occupied space: 
1500 sq. ft. x 3 VA per sq. ft. = 4500 VA 
2. Find the total amperage needed if the supplied 
voltage is 120 V: 
< = 37.5 Amperes 
3. Now divide by the amperage of the circuits to 
find the number of circuits needed: 
$23. = 2.5 or 3, 15 ampere circuits 
minimum or: 
uae 1.875 or 2, 20 ampere circuits 
20 A ; P 


minimum 

As you can see, you have a choice of either three 
15 A circuits or two 20 A lighting circuits. Either 
would be an adequate minimum for the dwelling. 
More circuits may be used if desired or if specified 
by the owner of the dwelling. 


FIGURING NUMBER OF SMALL 
APPLIANCE CIRCUITS 


In addition to the lighting load, Code requires at 
least two 20 A, 120 V small appliance circuits. 
These appliance circuits shall feed receptacles in the 
kitchen, pantry, dining room, and breakfast room, 


TO RESET 
wove HANDLE TO 
OFF 
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= 


Fig. 10-20. Motors should have disconnecting means within 
sight of person operating motor. (Bryant) 
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Fig.10-21. Also required is at least one 20 A, 
120 V outlet in the laundry area. 

Refer to Article 220 of the Code for specific rules 
on these circuits. Also, review the tables and ex- 
amples in Chapter 9, NEC. 


BALANCING CIRCUIT LOADS 


When planning the hookup of branch circuits to 
the service panel, it is important to keep a balance 
in the load between the two hot wires in a three- 
wire system. Remember that the neutral wire in this 
system is carrying the unbalanced electrical load 
from both hot wires. 

Fig. 10-22 helps explain what is happening as 
current flows through the system. The alternating 
current in the two hot wires does not flow in the 
same direction at the same time. At the instant it 
flows one way in the red wire, it is flowing the op- 
posite direction in the black wire. At the same time 
the flow for each wire will change in the neutral 
wire. The two currents flowing in opposite direc- 
tions through the neutral wire tend to cancel each 
other out. 

As long as the current in each direction is nearly 
equal there is no problem. However, when the cur- 
rent differences are great, there may be trouble. The 
neutral wire will heat up and the insulation could 
melt. 

This situation can arise with appliances that 
operate on both 120 and 240 volts. These ap- 
pliances must be evenly balanced between the two 
hot wires to reduce the likelihood of overloading the 
neutral conductor. Fig. 10-23 shows a system pro- 
perly balanced at the entrance panel. If you add up 
the ampere rating of all the circuits on each side, 
you can see that the ratings add up to nearly the 
same total. Also, the same number of large ap- 
pliance circuits are found on each hot wire. 


SPECIAL OUTLETS 


As stated, appliances such as ranges, dryers, 
washers, heaters, and motors require special outlet 
considerations. Each of these loads are to be con- 
sidered carefully and then placed on a 20, 30, 40, 
50, or 60 A circuit as needed. Fig. 10-24 shows 
how to determine circuit conductor sizes and cir- 
cuit protection. 


OVERALL DESIGN 


Proper overall design is nothing more than plan- 
ning, foresight, and good blueprints. There is no 
substitute for a well planned installation. Countless 
hours and dollars are lost by improper planning. A 
good set of working blueprints or sketches can cut 
the cost of materials and time substantially. In ad- 
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Fig. 10-21. Two 20 A appliance circuits are required for 

receptacle outlets in the kitchen area. These circuits are for 

plug-in appliances only. Lighting outlets or switched receptacles 
must be fed by general lighting circuits. 
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Fig. 10-22. A 120 volt/240 appliance circuit. Current in the 
two hot wires is always flowing in opposite directions. Thus, 
opposing currents in the neutral wire cancel each other out. 


dition, proper planning eliminates voltage losses 
and, consequently, inefficient wiring. 


DETERMINING BRANCH CIRCUIT NEEDS 
To determine how many branch circuits will be 


necessary, it is best to: 
1. Carefully list all the places (rooms, hallways, 


Planning Branch Circuits 


ARR ee, 
= 
A 
(e) 


EE TO NEUTRAL 
BUS 
BLACK 
RED 
MAIN 
200 A 
LIGHTING pa i LIGHTING 
LIGHTING ~h H j SPARE 
APPLIANCE eal L= APPLIANCE (KITCHEN-GFCI) 
aer H 
BLOWER l 
C ean a 
= e 
HEATER 
WASTE DISPOSAL 
pai Mo = i 
WASHER rt | 20 | DISHWASHER 


NEUTRAL BUS 


Fig. 10-23. The electrician should be careful to balance off 120 volt circuits on both hot wires 
of three-wire service. Just add up the total of the rated amperage of each circuit breaker 
controlling 120 volt circuits. 


4.5 kW 
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NEC TABLE 310.16 COL. 1 
INDICATES #12 AWG NEC TABLE 310.16 COL. 1 
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Fig. 10-24. Sizing special appliance circuits. 
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HOUSE AREA = 57’ x 30’ = 1710 SQ. FT. 


POWER REQUIREMENT = 1710 x 3 VA = 5130 VA 
TWO APPLIANCE CIRCUITS AT 1500 VA = 3000 VA 
ONE LAUNDRY CIRCUIT AT 1500 VA = 1500 VA 
SUBTOTAL SM. APPLIANCE AND LTG = 9630 VA 
WATER HEATER 7.5 kVA = 7500 VA 
DRYER 5.0 kVA = 5000 VA 
DISHWASHER 1.5 kVA = 1500 VA 
RANGE = 17,000 VA 
FURNACE (omit air cond. NEC 220-30[c]) = 10,000 VA 


FIRST 10,000 AT 100%, REMAINDER AT 40% 
= 26,252 (26.52 kVA) 
26,252 + 240 V = 109 A = SERVICE MINIMUM 


N 
N 


UTILITY/ 
LAUNDRY 


(A) NUMBER OF LIGHTING GENERAL PURPOSE CIRCUITS = 5130 VA 
+ 120 VOLTS = 42.75 AMPERES OR MINIMUM 3, 15 AMPERES 
CIRCUITS 

(B) AND NUMBER OF SMALL APPLIANCE CIRCUITS = 2 at 20 AMPERE 
EACH, PLUS 1 LAUNDRY 20 AMPERE CIRCUIT 

(C) PLUS SPECIAL PURPOSE CIRCUITS = 5 

TOTAL BRANCH CIRCUITS (AXBXC) = 11 MINIMUM 
RECOMMENDED SERVICE 
120/240 VOLT, 3 WIRE 
NO. 2 THW TYPE WIRE 
COPPER CONDUCTORS 


NOTE ALL CAI CULATIONS ARE FOR THE MINIMUM REQUIREMENTS! 


Fig. 10-25. Electrical plan of a single-family dwelling. Plans such as these help the electrician make important calculations con- 
cerning size of service, switching arrangements, and number of general and special branch circuits. A plan such as this should 
be evaluated before any wiring is done. Considerable time and effort can be saved with careful planning. 


closets, etc.) which will have receptacles, 
outlets, appliances, and motors. 


2. Add up the area of all these rooms. 

3. Using this total square footage, figure on one 
lighting circuit for every 350 sq. ft. 

4. Compute the number of general-purpose circuits 
required. 

5. Next, add the kitchen-laundry circuits, and the 


additional individual large-appliance circuits you 
will need. Altogether, this will represent the 
number of branch circuits. 

Fig. 10-25 shows a floor plan for typical one- 
family dwelling. Various branch circuit calculations, 
outlets, and switching arrangements have been in- 
cluded. You can use the plan as a guide in 
establishing a minimum requirement or base to ex- 
pand upon and hopefully, in the end, come up with 
an adequate, modern plan. 


BATHROOM CIRCUITS 


Because of the temperature and moisture changes 
which often occur in bathrooms, circuitry for this area 
warrants special consideration and discussion. 

The NEC requires that the bathroom be equipped 
with a switch-controlled lighting fixture and a GFCI- 
protected receptacle outlet adjacent to the basin. 

Fig. 10-26 shows a typical floor plan of a 
bathroom indicating the electrical fixtures. Each 
vanity is equipped with a soffit-type fluorescent light 
to illuminate the mirror, and a GFCI receptacle for 
shaving and hair blow-drying. 

In addition, recessed lighting fixtures are installed 
in certain locations to assure adequate lighting 
throughout the bathroom. The heater-fan-light 
device, is another convenient, efficient, and prac- 
tical item worth consideration. These various 
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Fig. 10-26. Bathroom floor plan. Note the GFCI location. 
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Fig. 10-27. Prewired recessed bathroom ceiling fixture. 
Special restriction (due to temperature ratings), may be found 
in Sections 410.65 to 410.72 of the NEC. Recessed fixtures 
like this are also employed in closets and laundry rooms. 


bathroom installations are shown in Figs. 10-27 
through 10-29. 


REVIEW QUESTIONS — CHAPTER 10 


1. List five signs of obsolete electrical wiring. 

2. A branch circuit is electrically connected to the 
service panel, has its own overcurrent protec- 
tion, and serves one or more outlets for 
SS Switcmes, Or ts 

3. Explain how to determine the number of 
general lighting circuits. 

4. List six individual-circuit appliances. 

5. How many 20 A general lighting circuits would 
be needed to satisfy the ‘‘minimum’’ code re- 
quirements for a 3000 sq. ft. residence? 


6. The two kitchen and one laundry circuits, 
should be rated amperes, volts, 
and wired with AWG No. conductors. 

7. Temperature and moisture conditions in 
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Fig. 10-28. Soffit lighting fixture. A light fixture installed in 
soffit is commonly used to provide light over the vanity area 
of a bathroom or powder room. 


120 V/240 V 
SUPPLY 


HEATER & 
ATTACHMENT BLOWER SECTION 


BRACKET 


JUNCTION BOX 


LOWERED GRILL 


| 


WITH 
LIGHT DIFFUSER 


CEILING 


Fig. 10-29. Heater-fan-lighting unit. This device is installed 
in the same manner as the recessed fixture. 


bathrooms require a special receptacle. Name 
the requirement. 

8. NEC has certain requirements about the 
distance between receptacles in occupied 
rooms. Briefly stated, the rule says that no 
point along a wall shall be more than 
ft. from a receptacle. The rule applies to every 
wall space ft. or more wide. It (does, 
does not) apply to fixed room dividers or 
freestanding counters. 

9. List three locations where GFCls are required. 

10. Counter spaces in kitchens wider than 
—— — require a receptacle outlet. 

11. Receptacles which are half hot and half 
switched are called split-wired receptacles. 
True or False? 

12. A garage door opener (must have, does not 
need) a ground fault circuit interrupter. 

13. A motor controller (switch, breaker, or fuse 
panel) should be located 
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If you were to draw a picture of how to wire a 
ceiling light in a bedroom it might look like the draw- Fig. 1 1-2. Portion of an electrical plan. Portion of the wiring 
ing in Fig. 11-1. However, this is hard to draw even circled represents the circuit shown in Fig. 11-1. 
if you have the skills. What is more, it would clut- 


ter up the print (blueprint) of the house and draw- 
ing it would take a long time. 

To avoid these disadvantages, electricians use 
electrical symbols. They are a type of “short hand”’ 
consisting of standard shapes and letters. Different 
symbols stand for the different types of conductors, 
switches, fixtures, and other devices that are used 
in wiring a building. Anyone can draw the symbols 
and they show clearly: 

1. Types of electric devices or conductors needed. 
2. Where they should go (location). 
3. How they are to be connected. 

Look at Fig. 11-2. See how simple it was to mark 
in the switch, wiring, and ceiling light of Fig. 11-1. 

The electrician may be supplied an electrical plan 
by the builder, architect, or owner. See Fig. 11-3. 
In some cases, the electrician will have to make up 
his or her own drawing. 

If an outlet is controlled by a switch, the electrical 
print will show a dashed line running from a switch 
symbol (S) to the outlet symbol. The lines are 
Fig. 11-1. Pictorial view of a switched lighting circuit. Symbols always curved so that they will not be mistaken for 
are used in electrical plans to describe each type of circuit. hidden construction details. 
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Fig. 11-3. Electrician will work from a plan such as this supplied by the architect or owner. 
(L.F. Garlinghouse) 
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STANDARDIZED SYMBOLS 


Most symbols used on electrical plans are ones 
that have been approved by the American National 
Standards Institute (ANSI). These should be 
understood by every electrician and committed to 
memory. Mistaking a symbol for the wrong device 


only makes extra work. Fig. 11-4 shows the com- 
monly used symbols the electrician will need to 
remember. 

Other symbols are sometimes used to designate 
special outlets. Then an explanation must be made 
on a legend, which is part of the print, plan, or the 
specifications. Normally, a small letter (a, b, c, or d) 


ELECTRICAL SYMBOLS 


GENERAL OUTLETS 


Celling Wall 
O -© Outlet. 
Blanked Outlet. 
© Drop Cord. 
© -© Electrical Outlet—for use only when circle 
used alone might be confused with col- 
umns, plumbing symbols, etc. 
© -© Fan Outlet. 
© -© Junction Box. 
© -© Lamp Holder. 
©rs —Ovs Lamp Holder with Pull Switch. 
© -© Pull Switch. 
© -© Outletfor Vapor Discharge Lamp. 
© -© ExitLight Outlet. 
© -© Clock Outlet. (Specify Voltage.) 
O Ceiling Outlet for Recessed Fixture 


CONVENIENCE RECEPTACLES 


=æ Duplex Convenience Receptacle. 

=, Convenience Receptacle other than Duplex. 
1 = Single, 3 = Triplex, etc. 

=w» Weatherproof Convenience Receptacle. 

= 240 V Outlet. 

=, Range Receptacle. 

=, Switch and Convenience Receptacle. 

=r Radio and Convenience Receptacle. 

Æ cre) Gound Fault Circuit Interrupter. 

7%) Special Purpose Receptacle (Des. in Spec.) 

© Floor Receptacle. 


SWITCH OUTLETS 


S Single Pole Switch. 

S, Double Pole Switch. 

S, Three Way Switch. 

S, Four Way Switch. 

Sp Automatic Door Switch. 

Ge Electrolier Switch. 

Sx Key Operated Switch. 

Sp Switch and Pilot Lamp. 

Sep Circuit Breaker. 

Swe Weatherproof Circuit Breaker. 
Swe Momentary Contact Switch. 
Sree Remote Control Switch. 

Swe Weatherproof Switch. 

Sr Fused Switch. 

Swe Weatherproof Fused Switch. 


I 


PANELS, CIRCUITS AND MISCELLANEOUS 


EE = Lighting Panel. 

Power Panel. 

— Branch Circuit; Concealed in Ceiling or Wall. 

--- Branch Circuit; Concealed in Floor. 

-== Switch Leg of Circuit 

Home Run to Panel Board. Indicate number of Cir- 
cuits by number of arrows. 

Note: Any circuit without further designation in- 
dicates a two-wire circuit. For a greater number of 
wires indicate as follows: (3 wires), (4 wires), etc. 
Feeders. Note: Use heavy lines and designate by 

number corresponding to listing in Feeder 

Schedule. 

Underfloor Duct and Junction Box. Triple System. 
Note: For double or single systems eliminate one 
or two lines. This symbol is equally adaptable to 
auxiliary system layouts. 

Generator. 

Motor. 

Instrument. 

Power Transformer. (Or draw to scale.) 

Controller. 

Isolating Switch. 


Ukeceo 


AUXILIARY SYSTEMS 


Push Button. 

Buzzer. 

Bell. 

Annunciator. 

Outside Telephone. 
Interconnecting Telephone. 
Telephone Switchboard. 
Bell Ringing Transformer. 
Electric Door Opener. 

Fire Alarm Bell. 

Fire Alarm Station. 

City Fire Alarm Station. 

Fire Alarm Central Station. 
Automatic Fire Alarm Device. 
Watchman’s Station. 
Watchman’s Central Station. 
Horn. 

Nurse’s Signal Plug. 

Maid’s Signal Plug. 

Radio Outlet. 

Signal Central Station. 
Interconnection Box. 
Battery. 


Of eeeo Peohesgeek na ooue 


Fig. 11-4. ANSI electrical symbols. These standard symbols should be studied so they become familiar and instantly 


recognizable. 


(ANSI) 
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SPECIAL RECEPTACLES 


Onde. Any Standard Symbol as given above 
=C.ice, With the addition of a lower case subscript 
Sebe-ct, letter may be used to designate some spe- 


cial variation of Standard Equipment of 
particular interest in a specific set of ar- 
chitectural plans. 


Fig. 11-5. Special outlet symbols carry a lower case letter 
alongside. An electrician must know where to look for an 
explanation. Read all information on the chart. (ANSI) 


will accompany a special or unusual symbol, Fig. 
11-5. 

An electrical plan found in an architect's print 
will not show the number of conductors in a wire 
run nor indicate the size of the wire conductor. 


Sometimes the size of conduit is indicated. It is: 


usually good practice for the electrician to plan 
these runs on paper or on a floor plan for a single 
room. Such a plan is called a cable or circuit layout. 
See Fig. 11-6. 

Some electricians make several copies of the floor 
plan and prepare a cable layout of each branch cir- 
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cuit on a separate sheet. For example, three-way 
switches are always run with three terminal wires 
while runs to four-way switches require four ter- 
minal wires. The neutral may or may not run with 
these depending on the layout. It is easier to work 
this out on the plan before you begin the rough-in. 

During the actual rough-in, it is common to use 
the plan as a record of work completed. When a run 
has been completed a colored line can be penciled 
through the run on the floor plan. If this practice 
is followed, no runs will be overlooked. When two 
or more electricians are working on the same job 
this kind of record is necessary to keep track of 
work completed. See Fig. 11-7. 


WIRING CIRCUITS 


In the rest of this chapter, we shall look at the 
actual wiring of circuits, by comparing print, 
schematic, and pictorial drawings. They cover all 
of the common circuits found in modern electrical 
construction. 

As you study the circuits shown here, note the 
wiring method used. Trace the different wires in the 
pictured drawings until you become familiar with 
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Fig. 11-6. Cable layout is a print of the electrical plan which explains where cable is to run and 
how many conductors it must have. See Figs. 11-21 and 11-23 for other cable layouts. 


117 


Modern Residential Wiring 


x4 


ISA, CKT 


60 
Flush Mount 


160 wW 


(Ty p) Ivory 
Dup! ex 
receptacle 


Flush Mount 


lakw mme 


So Amp CAT 
AnG *G 


Qo Amp. CKT 


Oe ush mownt 


a ~ auc tvorý 
ALL: vm Cable SW £ plates 


Fig. 11-7. When several electricians are working on the same job, cable plan is used to keep 
a record of the work done. Colored line is drawn through completed runs. 


Name of System As drawn in Pictorials 


Metallic Conduit 
(Rigid, IMC, EMT) 
Flexible Metallic 
Conduit 
Nonmetallic o 
Cable 


TYPES OF DRAWINGS 
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Fig. 11-8. Key to circuit drawings in this chapter. When you can relate the electrical plan and schematic to the pic- 
torial wiring layout, you will be able to wire up any circuit by studying the electrica! plan. 
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the symbols in the blueprint circuit layout and 
schematic drawings. Compare the circuit in the 
schematics with the pictorials. Metallic conduit, 
flexible metallic conduit, and nonmetallic cable will 
be drawn as shown in Fig. 11-8. 

No grounding wire is shown in pictorial drawings 
for metallic conduit. None is required. The conduit 
itself serves as the grounding conductor. Prints and 
schematics do not show the grounding conductor 
regardless of wiring method. 


POLARITY IN ELECTRICAL WIRING 


A typical 120 V electrical circuit consists of two 
wires: a “hot” wire and a neutral wire. The hot wire 
is usually black or red but may be any color except 
white, green, or green with yellow stripes. The 
neutral is always white or light gray. 

The neutral wire is the grounded conductor. It 
must never be interrupted by a switch, breaker, or 
fuse unless the “hot” wire is simultaneously inter- 
rupted. This distinction or segregation of the neutral 
and hot wires is termed polarity. 


REASONS FOR POLARITY WIRING 


There are three primary reasons for polarity 
wiring: 
1. Safety. Since the neutral wire is the grounded 
conductor, a person making contact with this 
wire is generally safe from harmful shock. 


NEUTRAL 
SOURCE 


HOT 


Fig. 11-9. Junction boxes serve the purpose of dividing a cir- 

cuit into several directions. Study the cable layout and the 

schematic and compare them with actual wiring method shown 
in the pictorial drawing. 


2. Overload prevention. Since each circuit consists 
of a hot and a neutral wire, it is unlikely that an 
overload can occur. See induction next. 

3. Induction. Harmful effects of induction, a 
magnetic action which damages wire insulation 
through its heating effects, can be prevented by 
purposely pairing the hot and neutral wire in the 
same conduit tubing or cable. In simple terms, 
any magnetic effects are cancelled when the 
neutral and hot wires are paired. If all hot wires 
were run in one conduit, and all neutral wires 
of several circuits were run in another conduit, 
a dangerous heating condition would occur due 
to magnetic effects. 


JUNCTION BOXES 


Fig. 11-9 illustrates a typical junction box with 
its connections. A J-box, as it is commonly called, 
is used to route a given circuit in various directions. 
It meets Code requirement that all splices be made 
in an electrical box. At the same time it saves labor, 
time, and costs. In wood frame dwellings it once 
was common to bring the conductors of a circuit 
to an attic J-box. Then the circuit was split into 
several subbranches creating a spider-like wiring ar- 
rangement, Fig. 11-10. 

We will discuss more of this in a later chapter 
on circuit problems and troubleshooting. For now, 
it is important to note the color of the conductors 
and how they are connected in the different circuits. 


Fig. 11-10. Spider-like arrangement is found frequently at at- 
tic junction boxes. 


PULL-CHAIN FIXTURE 


Although no longer installed in new work but 
often found in old work, a simple pull-chain fixture 
can be wired up at any point along the circuit 
or at the end of a run as shown in Fig. 11-11. 
Switched lights have replaced pull-chain types in 
most areas. In fact, as shown in Fig. 11-12, the 
same purpose is served in a more convenient form 
by a single-pole switch. 
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PULL-CHAIN SWITCH 


Fig. 11-11. Simple pull-chain fixture at the end of a circuit run. 
Switch is in the fixture itself. 
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Fig. 11-12. A single light controlled by a wall switch. Feed 
is to switch. Switch never interrupts the neutral conductor. 


DUPLEX RECEPTACLES 


Duplex receptacles, like that of Fig. 11-13, with 
provision for grounding can be continuously live or 
switched. See Figs. 11-14 and 11-15. Note par- 
ticularly the differences in grounding procedure 
when using cable, Fig. 11-16, and metal conduit, 
Fig. 11-17. The ground wire of the nonmetallic 


Fig. 11-13. Duplex grounding receptacles are required by 
Code. (Leviton Mfg. Co., Inc.) 


cable is connected to the device box as well as to 
the ground screw on the receptacle. This provides 
for a continuous equipment ground system. Metal 
conduit needs no special ground wire since the cas- 
ing, itself, provides the grounding path. When con- 
duit is employed, the receptacle ground screw is 
connected to the box only. This provides continui- 
ty of the ground to the receptacle. The connection 
is made by running a short length of bare or green 
insulated wire between the receptacle grounding 
screw and the metal box. 

One of the most common circuits has one or two 
switch-operated light fixtures followed by two or 
more continuously live outlets. As Fig. 11-16 
shows, the wall switch controls only the light fix- 
ture. Note the continuity of the ground wire and its 
connection at each junction point. Should one or 
more of the devices later be removed, the ground 
integrity remains intact. 

Another often-used circuit controls two or more 
lights independently from a single location. Fig. 
11-17 illustrates this basic wiring technique. Two 
separate single-pole switches may be used instead, 
but the one shown is more economical and faster 
to wire. If lights are to be on separate circuits, 
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Fig. 11-14. Continuously live duplex, grounding-type, receptacle. Both parts of duplex are served by the circuit wires. 
(GE Wiring Devices Dept.) 
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Fig. 11-15. Switched duplex, grounding-type, receptacles are used in rooms where overhead lighting is not desired. 
One or both sides of receptacle are controlled by the switch. 
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Fig. 11-16. Light controlled by a single pole switch has outlets beyond it which are always live. Source or feed 
is to switch. 
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Fig. 11-17. Two single pole switches on the same circuit. Each switch controls a different light. 


simply remove the breakoff fin and feed each half 
independently. 

The switch-receptacle combination shown in Fig. 
11-18 is used around bathroom vanity locations 
where space is often limited. When used in the 
bathroom, the receptacle circuits must have GFCI 
protection. 


Fig. 11-18. Switch/receptacle combination. Switch controls light while receptacle is always live. A single circuit 


supplies both the switch and the receptacle outlet. 
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SPLIT-WIRED RECEPTACLES 


Split-wired receptacles, Fig. 11-19, are used 
mostly in rooms which have no ceiling outlets. Thus, 
lighting devices, such as lamps, can be switch con- 
trolled. Devices such as a radio or TV, can be 
plugged into the top (always hot) portion. 


NEUTRAL 


HOT S 
RECEPTACLE 


NEUTRAL 


SOURCE 


CONDUIT 


TO OTHER 
RECEPTACLES 


ETC 


BREAK-OFF 
FINS ON HOT 
SIDE OF 
RECEPTACLES 
MUST BE REMOVED 


Fig. 11-19. Split-wired receptacles. Top half is always hot; bottom half is controlled by single-pole switch. 


mowmwcan 


=-~. NEUTRAL 


moOwDcan 


HOT 


Fig. 11-20. Light controlled by a switch. Receptacle beyond the switch is live. Source is at the light. 
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SOURCE 


CONDUIT 


TO PANEL 


1/2” EMT 
TYPE THHN CONDUCTORS 


mowncon 


S3 


Ss 


Fig. 11-21. Several light fixtures are controlled simultaneously by a pair of three-way switches. Feed is to the 
center light fixture. Note cable layout. Refer again to Fig. 11-6. 
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CONDUIT 


SOURCE 


SOURCE 


Fig. 11-22. A pair of three-way switches controlling a single light fixture. Source is to one of the three-way switches. 


Fig. 11-20 is essentially the same circuit as Fig. 
11-16, except that the feed is to the fixture instead 
of the switch. Note the use of three-wire cable be- 
tween the lighting outlet and switch. 


THREE-WAY SWITCHES 


In Fig. 11-21, three-way switches control lights 
from two distant locations, (for example, in rooms 
having two entrances). In this case, three lights are 
controlled by a pair of three-ways. The source, in 
this instance, is at the center light. Study this il- 
lustration carefully. You will undoubtedly encounter 
this circuit frequently as an electrician. 

Fig. 11-22 shows a pair of three-way switches 
controlling a light. The source is to one of the three- 
way switches. 


FOUR-WAY SWITCHES 


Rooms having more than two entrances will, 
most likely, have switches at each entrance to con- 
trol the area lighting. Four-way switches, placed 


between a pair of three-ways, allow for unlimited 
flexibility in control and location. 

Fig. 11-23 shows a light controlled from four 
separate locations. If more switching locations are 
needed, more four-ways can be incorporated into 
this circuit. 

Fig. 11-24 illustrates how to get the most use 
out of a limited space. For example, a narrow en- 
trance hallway, having both a back door and front 
door, should have a wall switch at each entrance 
to operate the hallway light. A pair of three-way 
switches will handle this requirement, but what 
about the outside light above the front door? The 
problem is solved by using a single-pole switch to 
control the outside light. Both switches will be 
housed in a single two-gang box. 


PILOT SWITCHES 


Quite often, it is desirable to know whether a light 
is on or off when we cannot see it from the switch 
location. An example is a cellar or attic light which 
is controlled by a switch in the kitchen. For these 
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Fig. 11-23. A light fixture controlled from four locations using two three-way and two four-way switches. The 
feed is at the fixture. Cable layout helps electrician select proper cable for wiring up this circuit. 
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3/4” CONDUIT 


SOURCE 2-WIRE 


moDncon 


S, S, 


Fig. 11-24. One light controlled by a single-pole switch. One circuit is the source, the single-pole and one three- 
way switch are housed together. 


CABLE 2-WIRE W/GROUND 


REMOTE 
FIXTURE 


A : ) ) PILOT 


Fig. 11-25. Single-pole switch controlling a remote lighting fixture, which cannot be seen from the switch location. Pilot light 
is on when fixture is on. There are also switches available with red handles that tight up when the switch is on. Source is 
at switch. There are different methods of wiring such a switch. Refer to manufacturer's instructions. 


moODCON 


SOURCE 
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mowzwcon 


S2 


CONDUIT 
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Fig. 11-26. Three switches on one circuit. Each controls a separate lighting fixture. The switches are all at 
one location in a multi-gang box. The source is at the switch. 


situations, a single-pole, pilot switch may be used. 
This pilot switch is wired so that it glows when the 
fixture is on, as shown in Fig. 11-25. 

Fig. 11-26 shows a single source feeding three 
switches. Each is separately controlling a light fix- 
ture. However, more switches and lights could be 
done in a similar manner. Four, five, six, and seven- 
gang switch boxes are not uncommon, Fig. 11-27. 


FLUORESCENT LIGHTING 


Fluorescent fixtures provide light when a current 
passes through a gas in the fluorescent light tube. 
The current that flows though the light is controlled 
by a ballast. Ballasts were described on page 107. 
The ballast limits the amount of current that can 
travel through the fluorescent tube. In newer fix- 
tures, ballasts also provide a high initial current 
needed to start the light. Older fixtures have 
separate starters for this task. 

There are three common types of fluorescent 
light fixtures. The types are separated by the 
method used to start current flowing through the 
tube. The three types are: rapid-start, instant-start, 
and starter. The rapid-start type, Fig. 11-28, 
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Fig. 11-27. Multi-ganged boxes. The top one is a fiberglass 
box, and the bottom one is metal. 
(Allied Moulded Products, Inc./Raco Inc.) 
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FLUORESCENT TUBE 


DOUBLE PIN DOUBLE PIN 


Fig. 11-28. Diagram of a rapid-start system. The rapid-start 
system does not need a separate starter to light the 
fluorescent tube. 


is the most common type used today. If the light 
is not functioning properly, it is fixed easily. Replace- 
ment of an expired tube or a faulty ballast is a 
simple task. 


GROUND FAULT CIRCUIT INTERRUPTERS 


Groundfault circuit interrupters (GFCI) can be 
wired into any grounded receptacle outlet and will 
replace the regular receptacles. The GFCI will pro- 
tect an individual circuit or it can be wired up to pro- 
tect other receptacles that follow the GFCI on the 
same circuit. To protect these other outlets, it must 
be placed in the outlet which is electrically closest 
to the circuit breaker panel (power source). Fig. 
11-29 is a schematic drawing for a GFCI that is pro- 
tecting three additional receptacles. Study the wir- 
ing hookup carefully. Unless properly connected, 
the GFCI will not provide the desired protection. 

To determine if a previously wired receptacle is 
on the end of a line or if the circuit continues on 
to other receptacles, remove the plate and examine 
the wiring hookup. See Fig. 11-30. A receptacle 
which feeds other receptacles will have additional 
conductors attached to it which continue on to one 
or more outlets. Further checking with a neon tester 
will be necessary to find which outlets are located 
on the same circuit. 


OUTDOOR WIRING PROCEDURES 


All homes must have at least two GFCI protected 
outdoor receptacles. One on each exterior wall would 
be better and more convenient, but a minimum of two 
is a necessity and is required by Code for new homes. 

Regular switches, receptacles, and lamps are not 
suited for outdoor installation since they would or- 
dinarily be damaged too easily by the elements. 
Therefore, the Code requires that special housings 
or weather-proof devices be used. 


GROUND (BARE OR GREEN) 


NEUTRAL 


LINE 
HOT 


(COLORED) 


P = GROUND FAULT PROTECTED 
DOWN STREAM STANDARD 
RECEPTACLES. 


LINE NEUTRAL (WHITE) 


Fig. 11-29. Schematic of a GFC! wired to protect an entire 
branch circuit. To provide protection for all receptacles, the 
GFCI must be the first receptacle from the fuse box or the 
circuit breaker. Any receptacle between the fuse box or the 
circuit breaker and the GFCI will not be protected. 
(Arrow Hart Div., Cooper Industries) 
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FEED-THROUGH TERMINATION 


TERMINATION OUTLET 
CONNECTED TO FEED- 
THROUGH OUTLET 


Fig. 11-30. Appearance of a wired-up receptacle will tell you 
if it is the last (termination) receptacle in the circuit or not. If 
you find second set of wire conductors, one black and one 
white, you can be sure that the circuit continues on to at least 
one more receptacle. Termination receptacle (end of line) has 
but one set of conductors. (GE Wiring Devices Dept.) 


Standard receptacles and switches may be used 
outdoors if mounted inside special protective and 
weatherproof housings, Fig. 11-31. Remember that 
the outdoor receptacle circuits must be GFCI pro- 
tected. 

Outdoor wiring should only be installed using 
properly protected switches and receptacles as 
previously mentioned. The preferred type of cable 
to use is type UF. It is essentially weatherproof. 
Type XLP and other weatherproof conductors may 
be buried directly or channeled through conduit. 

If outlets are to be located at some distance from 
the house, type UF cable or conduit can be buried 
safely around 18-24 inches beneath the surface. 
For extra protection, the UF cable should be encased 
in rigid metal or plastic conduit particularly where 
it enters the ground. This protects it against physical 
damage by bicycles, baseball bats, and other 
hazards. Fig. 11-32 will serve as a guide to safe 
outdoor wiring. The exact layout will depend on the 
purpose of such an installation, but the principles 
are the same. 
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Fig. 11-31. Specially designed weatherproof housings are used to protect devices from the elements. A—Single- 


gang switch/receptacle box. B—Two-gang box 


FROM SOURCE 


CAULK 
J-BOX 


TYPE UF CABLE 


3/4” CONDUIT PROTECTION 


. C— Switch cover. D—Outlet cover. (RACO Inc.) 


GFCI OUTLET 


RIGHT ANGLE CONDUIT FITTING WP OR YARD LAMP 


ETC. 


CONDUIT BUSHING 


Fig. 11-32. Outdoor wiring diagram. GFCI can be located in weatherproof box at the foundation or at outlet. 


REVIEW QUESTIONS — CHAPTER 11 


Indicate the meaning of each of the following 
electrical symbols (do not write in the book): 


0 © © C&C @ s s azz 


2 


If you see a standard symbol used on an elec- 
trical plan with a small letter alongside, where 
would you look for an explanation of its 
meaning? 
An electrical plan which shows the size and 
number of conductors in cable runs is known 
aS @ 2... . 
Explain the value of an electrical plan during 
a rough-in. 

wiring means that the neutral 


and hot wires are always totally segretated 


(kept apart). The neutral wire is grounded and 
never interrupted by a switch, breaker, or fuse 
(unless the hot wire is interrupted at the same 
time). 


Complete the following schematic drawings. 
Make sure that you label the neutral wires “N” or 
‘W and the hot wires “B” or “R.” 

6. A single-pole switch controlling three light 

fixtures. 

7. A single-pole switch controlling a light fixture 
with two receptacles always live on the same 
circuit. 

8. A pair of three-way switches controlling a 
lighting fixture. 

9. On a separate sheet draw and complete the 
following diagram: 


LOAD 
oe 


a ry EJ E 


SOURCE 
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The service entrance includes all the wires, 
devices, and fittings that carry electrical power from 
the power company’s transformer to the consumer. 
All electrical energy supplied to power-consuming 
devices in the building must first pass through the 


LIGHTNING 
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a 
RLP 


GROUND 
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A GROUND | 
MOLDING 


12 


The Service 
Entrance 


service entrance equipment. 
The service components meter, protect, and 
distribute the power to the branch circuits. 


POLE TRANSFORMER 


As you learned in Chapter 1, electrical power is 
brought from the power plant at high voltage and 
then, before it can be used in factories, offices and 
homes, the voltage is reduced through several step- 
down transformers. The pole transformers shown 
in Fig. 12-1 reduce the voltage to 120/240 or 
120/208 before it is delivered to the customer. 

Power is carried from the pole transformer on 
three wires. Two are hot and one is a grounded 
neutral wire. 


SERVICE ENTRANCE COMPONENTS 


The service entrance consists of the following 

electrical equipment and parts: 
1. The power company’s wires from the utility pole 
or transformer pad to the dwelling service point. 


2-WIRE 
PRIMARY 
HOT LINE 
CLAMPS HIGH SIDE 
PRIMARY 
CUTOUT LOW SIDE 


POLE 120 V/240 V 


TRANSFORMER (INTERNAL VIEW) 
FOR RESIDENTIAL SERVICE 


B 


Fig. 12-1. Pole transformers step voltage down so it can be used in buildings. A — Simple sketch of pole transformer hookup. 
B— Diagram of a transformer hookup. Wires from high side or primary side of coil connect to high voltage conductors from power 
station. Low side or secondary wires connect to low side of transformer coil. 
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CONDUCTOR 


Fig. 12-2. Typical overhead service drop and service entrance. 

Usually, more than one grounding electrode is provided. Careful 

study of this illustration will help fix important details in your 
mind. (OSHA) 


2. Service entrance conductors. These are pro- 
tected within cable or conduit. 

3. Meter socket (meter pan, or meter enclosure). 

4. Service entrance panel with breakers or fuses 
and main disconnecting means. The main dis- 
connect may be ahead of the panel and separate 
from it. Often it is part of the panel itself. 

5. A continuous grounding system. 

6. Fittings, fasteners, and other hardware 
necessary to install the service equipment. 


SERVICE LOCATION 


Service wires brought to the building are run 
overhead or underground. Those coming in 
overhead from a utility pole are called the service 
drop. Those routed underground, from either a 
pole or transformer pad, are called the service 
lateral. See Figs. 12-2 and 12-3. They show the 
essential elements of either type of service en- 
trance. In either type, these service wires will be 
connected to the service entrance wires at the 
building itself. 


Most often, the power company will “spot” or 
locate the point of attachment of the service en- 
trance for the electrician. In many localities this is 
required. 

Check the service specifications of the power 
supplier to be sure of any additional requirements 
before installing the service entrance. Figs. 12-4 
and 12-5 are typical utility company service 
specifications. 


WHERE TO LOCATE SERVICE 


Should the location of the service entrance be left 
up to the electrician, the following will serve as a 
general guide. 

1. Service entrance conductors, whether enclosed 
in cable or conduit, should be installed in as 
straight a path as possible. 

2. Service conductors should be kept as short as 

practical to avoid voltage losses. 

Service conductors must enter the building as 

near the service panel as possible. 

Service disconnect must be at or very near the 

point of entry. 

5. The service panel should be located in a central 
accessible area, near the major electrical equip- 
ment of the building. 

6. The service equipment must be protected from 
physical damage or exposure to water, dust, 
etc. 

7. Service equipment shall not be placed in 
bathrooms, storerooms, closets, or damp cellars. 
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Fig. 12-3. Simplified sketch of an underground installation for 
a service entrance. The cable from the transformer to the meter 
enclosure is also known as a service lateral. 
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FOR SERVICE OROP CONNECTION 
BY COMPANY 


8" MIN. 
12" MAX. 


COMPANY'S SERVICE DROP 


SERVICE DROP ATTACHMENT 
FURNISHED BY COMPANY, AND 
INSTALLED BY CUSTOMER. 
ATTACHMENT TO BE 
CAPABLE OF WITHSTANDING 
A HORIZONTAL PULL OF 
1000 LBS. 


SEE SECTION IZ 
PARAGRAPH *11 FOR 
REQUIRED HEIGHT 


SERVICE ENTRANCE CABLE 
OR SERVICE ENTRANCE 
CONDUCTORS IN APPROVED 
CONDUIT 


WEATHERPROOF FITTING 


METER SOCKET FURNISHED 
BY COMPANY AND SECURELY 
INSTALLED: BY CUSTOMER 
IN A TRUE VERTICAL 
POSITION 


INSTALLATION SHALL BE IN 
ACCORDANCE WITH THE 
NATIONAL ELECTRICAL CODE 


SERVICE 
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FINAL GRADE 
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Fig. 12-4. Service entrance specifications like these should 
be secured from the utility company before the service entrance 
installation. Refer also to the NEC and consult the local elec- 
trical inspector whenever necessary. 
(New York State Electric and Gas Corp.) 


8. The meter enclosure should be mounted approx- 
imately 65 in. above grade. 


POWER COMPANY WIRES 


The power company wires are provided, usually 
without cost, from the utility pole or pad mounted 
transformer to the customer’s service entrance con- 
ductors. See Figs. 12-6 and 12-7. Connection is 
completed by the utility upon inspection and ap- 
proval of the installation. 


METHOD OF INSTALLING 
UNDERGROUND SECONDARY SERVICE 
FROM UNDERGROUND LINES AT BUILDING OR STRUCTURE 


FOR COMPLETE INFORMATION ON 
UNDERGROUND SERVICES FROM 

UNDER GROUND LINES SEE SECTION IZ 
PARA 34 THRU 40 


METER DEVICE TO BE MOUNTED IN A 
TRUE VERTICAL POSITION 
(SEE NOTE 5.) 


PIPE STRAPS (MIN. OF 2 REQO) 
GALVANIZED RIGIO 
STEEL CONDUIT (SEE NOTE 4.) 
(FURNISHED AND INSTALLED 
BY CUSTOMER) 
METAL CONDUIT TO 8E 
GROUNDED 8Y AN 
APPROVED METHOO 
m E rs 


GROUND LINE 


INSULATED BUSHING IF 
CONDUIT NOT CONTINUOUS fe 


MIN. DEPTH 
(SEE NOTE °6) 


a MIN. DEPTH OF TRENCH _ 
SEE NOTE 73 


NOTES 
1 INSTALLATION ANO EQUIPMENT RATINGS MUST BE ADEQUATE FOR 
THE LOAD TO BE SERVED. 


2. CUSTOMER'S WIRING TO BE IN ACCORDANCE WITH THE NATIONAL 
ELECTRICAL CODE. 


3. LEAVE SLACK IN SERVICE CABLE TO ALLOW FOR ANY SETTLING OF 
THE TRENCH IF CABLE IS DIRECT BURIED. 


4. RIGID NON-ME TALIC CONDUIT ACCEPTABLE FOR SOME INSTALLATIONS. REFER 
TO FIARE IQ FOR DETAILS. 


5. REFER TO FIGURE IQ FOR PREFERRED METHOD OF WIRING METER ENCLOSURE. 


METHOD OF INSTALLING 
UNDERGROUND SECONDARY SERVICE 
FROM UNDERGROUND LINES 


* THE SERVICE CABLE INSTALLATION MUST BE INSPECTED ANO APPROVED, 
PRIOR TO BACKFILLING, BY A COMPANY APPROVED INSPECTION AGENCY, 


O. THE SERVICE CABLE ANO CONDUIT (IF USEO) ARE NOT TO BE INSTALLEO 
CLOSER THAN TWO(2) FEET FROM THE TRANSFORMER OR NANOHOLE 
LOCATION, 


b. A TEN(10) FOOT LENGTH OF SERVICE CABLE SHALL BE LEFT TO 
PROVIDE SLACK FOR CONNECTION TO THE TRANSFORMER OR 
MANOHOLE BY THE COMPANY. 


C. CABLE ENOS TO BE MOISTURE SEALED. 


Grouno tne |ll 
eg re GRC fy ry TRANSFORMER 
VAULT — PAD 
OR 
HANOHOLE 


LOCATION 


INSULATING BUSHING 


Z 
— —— — — — MIN, QEPTH_OF_TRENCH o_o — 
2' 
NOTES: 


6. DEPTH TO BE 18" MIN. IF IN CONDUIT, 24° MIN. IF CABLE IS DIRECT BURIED. 


7. WHERE NECESSARY TO PREVENT PHYSICAL DAMAGE TO DIRECT BURIED 
CONDUCTORS FROM ROCKS, SLATE, ETC, OR FROM VEHICULAR TRAFFIC ETC. 
OIRECT BURIED CONOUCTORS SHALL BE PROVIDED WITH SUPPLEMENTARY 
PROTECTION SUCH AS SANO, SAND AND SUITABLE RUNNING BOARDS, 
SUITABLE SLEEVES, OR OTHER APPROVEO MEANS. 


Fig. 12-5. A typical specification for installation of 
underground service. 
(New York State Electric and Gas Corp.) 
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NUMBER OF SERVICES 


The basic rule concerning the electrical supply to 

a structure, be it a building for commercial enter- 
prise or a residential building, is that it shall have 
only one service, Fig. 12-8. Strictly speaking, this 
means that the building will have one service drop 
or one service lateral. While this is the basic rule 
there are some practical exceptions. The following 
exceptions are allowed: 

1. A completely separate service is permitted to 
supply a fire pump or other emergency electrical 
apparatus such as lights, Fig. 12-9. 

2. Where one service cannot supply a large load 
demand. 

3. Where additional services are needed to struc- 
tures so large that no single service would allow 
electrical access to all the tenants of the 
building. 

4. A generator, driven by an engine or wind can 
provide an additional non-utility-supplied 
service. 

5. Electric power may be supplied by a solar-voltaic 
source in addition to the service provided by the 
utility. 

6. Where different voltages and phases may be re- 
quired within the same structure. 


NUMBER OF SERVICE ENTRANCE 
CONDUCTOR SETS 


Since the basic rule is that each building will have 
only one service drop or service lateral, the usual 


Fig. 12-6. Here a power company crew is connecting service 


lines and a pole transformer. (Commonwealth Edison Co.) 
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Fig. 12-7. Service lateral conductors are carefully buried in 
a trench. 


service installation will have only one set of service 

entrance conductors. Here, too, there are necessary 

exceptions: 

1. Multiple occupancies, such as two-family 
homes, apartment buildings, and commercial 
establishments with several offices or stores, 
may have any number of service entrance sets 
tapped from a single service supply, Fig. 12-10. 

2. The Code permits a maximum of six disconnects 
from any single service drop or service lateral. 
Fig. 12-11 illustrates a possible installation of 
this nature. 

Whether a structure is supplied by one or more 
service drops/laterals, one or multiple sets of ser- 
vice entrance conductors, etc., the service should 
be carefully planned so that the service supply con- 
ductors are not routed through the building interior 
unless encased in concrete. The service entrance 
conductors should also terminate at the disconnect 
outside, or close to where they enter the structure. 
See Fig. 12-12. 


SERVICE LOAD 


The size (capacity) of a service entrance depends 
on the power requirement or load of the various cir- 
cuits of the dwelling. To size the service correctly, 
you must know what this load will be. 

For new single family dwellings, the National Elec- 
trical Code requires at least a 100 A service. For 
homes with electrical heating systems or where 
future expansion is likely, 150 or 200 A service is 
best. 
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Fig. 12-9. A separate service supply is permitted for fire 


Fig. 12-8. Basic rule states that there shall be only one ser- 
pumps or other emergency electrical equipment. 


vice supply to a building. 


SINGLE SERVICE DROP 


SERVICE DROP CONTINUED 
ALONG EXTERIOR OF BUILDING 


COMMON 
METERING 
EQUIP. 


INDIVIDUAL DISCONNECTS SERVICE ENTRANCE 
LOCATED IN EACH OCCUPANCY CONDUCTORS INSTALLED 
ON BUILDING EXTERIOR 
TO EACH OCCUPANCY 


Fig. 12-10. Multiple occupancies may have any number of service entrance conductors tapped from a service drop or service lateral. 
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Fig. 12-12. Service supply conductors run along the exterior 

of a building or encased in 2 in. of concrete within the building. 

These conductors should terminate at the disconnect or ser- 

vice protection equipment close to where they enter the 
building or leave the concrete enclosure. 


Fig. 12-11. A maximum of six disconnects are permitted to 
be installed at the service entrance. These disconnects must 
be grouped together at a single location. 
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Details and data regarding service entrance load 
requirements can be found in Code Article 230. 
Commercial structures usually require considerably 
higher service ratings. When the electrical demands 
are known, Fig. 12-13 and Fig. 12-14 show the 
steps for figuring total loads and feeder size. 


SIZING SERVICE ENTRANCE CONDUCTORS 


The NEC provides two general methods of deter- 
mining proper service entrance conductor size. 
Either method is suitable for finding the service en- 
trance demand load or main feeder requirements for 
a residence. The standard calculation method is 
shown in the Technical Information section in the 
back of this text. Also shown there is an optional 
method. Note carefully the Code sections/tables 
referred to in each example. 


SERVICE ENTRANCE CONDUCTORS 


Service entrance conductors may be types RHH, 
THW, THWW, XHHW, XLP, or RHW. They can be run 
through conduit or enclosed in a cable assembly 
called service entrance cable, Fig. 12-15. Many ser- 
vice drop installations are made with triplex cable, 
Fig. 12-16. 


COMPUTING FEEDER NEUTRAL 
SEE SECTION 220.22 


LIGHTING/SM. APPL./LAUNDRY 
NET LOAD 


RANGE LOAD AT 70% 
SECTION 220.22 


DRYER LOAD AT 70% 
SECTION 220.22 


OVENS & COOKING UNITS 
SEE TABLE 220.19 


DISHWASHER 
100% 


TOTAL = AMPERES 
240 V NEUTRAL 
FEEDER 
SIZE 


“TTT 


Fig. 12-13. Figuring load on the neutral and size of the neutral 
conductor 


When in conduit, all the conductors are insulated. 
The neutral is white, yellow, or gray. The hot wires 
are black and/or red. Service entrance cable is 
similar, but the neutral is uninsulated or bare. 

Whether conduit or cable is used will depend upon 
customer preference, local codes, building struc- 
ture, environmment, utility specifications, and the 
electrician’s decision. In any case, the conduit or 


COMPUTING FEEDER LOAD 


GENERAL LIGHTING LOAD 
SQ. FT. AT 3 VOLT-AMPERE PER SQ. FT. 
SECTION 220.3(A) 


SMALL APPLIANCE LOAD 

TWO 2-WIRE 20 AMP CKTS 

1500 VOLT-AMPERES EACH 
SEE SECTION 220.16 


LAUNDRY LOAD 

ONE 2-WIRE 20 AMP CKT 

1500 VOLT-AMPERES EACH 
SEE SECTION 220.16(B) 


mum 


we es 


TOTAL GEN. LTG. SM. APPL.-LAUNDRY 


1st 3000 VOLT-AMPERES AT 100% 
SECTIONS 220.11, 220.16 


REMAINDER AT 35% 


NET GEN. LTG. AND SM. APPL. LOAD 


RANGE LOAD 
SEE SECTION 220 TABLE 220.19 


DRYER LOAD 
SEE SECTION 220 TABLE 220.18 


SPACE HTG OR AIR COND. LOAD 
WHICHEVER IS LARGER 
SEE SECTION 220.15, 220.30(C) 


WATER HTR LOAD 


DISHWASHER LOAD 


Ped e gs gt e E 


TOTAL LOAD = AMPERES 
240 (FEEDER) 
(SIZE) 


Fig. 12-14. Use these steps for figuring load and feeder size. 
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cable must be securely fastened to the building with 
the proper clamps or supports as shown later in this 
chapter. 


RUBBER OR 


PLASTIC COVERING 
CONDUCTORS 


OTHER INSULATION, 
INNER BRAID 


L< X 


OUTER COVERING 


OR BRAID 
STRANDED 


BARE NEUTRAL 


TWIST INTO 
ONE CONDUCTOR 


Fig. 12-15. Service entrance cable (SEC). Bare, stranded 
neutral wire must be twisted into a single strand before being 
connected. 


Fig. 12-16. Most service drops in new homes are made with 

triplex cable. It consists of a bare neutral wire around which 

two insulated cables are loosely wrapped. The neutral wire sup- 
ports the insulated wires. 


SIZING SERVICE CONDUCTORS 


In addition to proper types of service conductors, 
the right conductor size is essential. As was men- 
tioned earlier, Table 310.16 of the NEC establishes 
the allowable ampacities of insulated conductors. 
Note 3 of the table instructs us on proper types and 
sizes of conductors for three-wire, single-phase 
dwelling entrance services. See Fig. 12-17. 


SERVICE DROP MAST AND INSULATOR 


Sometimes the service drop mast (or riser) and 
insulators are supplied and installed by the power 
company. In most situations, the electrician makes 
the installation. 

Insulators may be attached to the mast or to the 
building. See Fig. 12-18 and Fig. 12-19. 


CONDUCTOR TYPES AND SIZES 
RH - RHH RHW THW THWN THHN XHHW 
Copper Aluminum and Service Rating 
in Amperes 


Copper - Clad Al 


AWG AWG 
4 2 
3 1 
2 1/0 
1 2/0 150 
1/0 3/0 175 

2/0 4/0 200 


Fig. 12-17. Service entrance cable sizes are specified by the 
National Electrical Code. 


100 
110 
125 


SERVICE HEAD 


SERVICE 
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CONDUCTORS 


INSULATOR 


MAST 


ROOF SHEATHING 


PIPE CLAMP 
WITH LAG SCREW 
INTO STRUCTURE 


CONDUIT 


Se 


WATERTIGHT 
HUB 


— wa 
S 


METER SOCKET 


Fig. 12-18. Service entrance installed in conduit. Housing con- 

sists of the conduit which is connected to the service head on 

one end and the meter enclosure at the other. Mast must be 
securely fastened to building stud with clamps. 


SERVICE HEAD 


A service head is a fitting installed at the top of 
the conduit or service entrance cable to prevent 
water from entering and shorting out the conduc- 
tors. See Fig. 12-20. The service conductors should 
extend through the head for approximately 3 ft. to 
provide a suitable drip loop. A drip loop is merely 
a formed curvature of the service conductor to pre- 
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vent water from entering the service head around 
the cable or conduit. Refer to Fig. 12-18. Service 
heads are designed to be used with either conduit 
or cable. See Fig. 12-21. 


SERVICE HEAD 
SERVICE INSULATOR 
BRACKET 


| 


SERVICE 
ENTRANCE 
CONDUCTORS 


SERVICE 
ENTRANCE 
CABLE ~ 


~+— CABLE CLAMPS 


W.P. CONNECTOR 


METER 
SOCKET 


Fig. 12-19. Front view of a service entrance cable assembly 

and lag screws. Insulator rack is used here to secure the ser- 

vice drop to the side of the building. See Fig. 12-15 for details 
of the cable. 


Fig. 12-20. Service heads are fittings designed for keeping 
water from entering the service entrance cable or the conduit 
leading to the meter enclosure. Left. This type is installed on 
conduit. Right. Head designed for use with nonmetallic service 


entrance cable. (Appleton Electric Co.) 


METER ENCLOSURE 


This device houses the meter, Fig. 12-22, which 
is used to monitor the power consumed. Essential- 


ly this is a kilowatt-hour meter. Both the meter 
socket and meter are provided by the utility, often 
without charge. 

Service conductors (cables or wires) enter this 
enclosure and are secured to the line-side lugs. Note 
that the neutral conductor is always connected to 
the center contact and continues essentially uninter- 
rupted through the meter socket on its journey to 
the service main disconnect or panel. The meter 
itself will be installed by the utility when the ser- 
vice drop or lateral is completed. 


COMBINATION 
CLAMP TYPE SET SCREW 
FOR RIGID, IMC FOR RIGID 
OR EMT OR IMC 


CLAMPED AND 
THREADED 
FOR CONDUIT 


THREADED 
FOR RIGID CLAMP TYPE 
OR IMC FOR CABLE 


Fig. 12-21. Service heads are designed to work with any style 

of service entrance conductors. Some are fitted with clamps 

to work on cable. Others are threaded or have a clamp 
mechanism for use on conduit. (RACO Inc.) 


WEATHERPROOF CONNECTORS 


Fittings called weatherproof connectors are used 
to connect service entrance cable to the meter 
pan. One is shown in Fig. 12-23. The purpose of 
this fitting is to exclude moisture or water from the 
meter enclosure. 


INSULATORS 


An insulator, Fig. 12-24, is a nonconductive device 
that can be clamped to the conduit or attached to the 
exterior of the building. It is used as a means of sup- 
porting the service drop wires near the service en- 
trance conductors. At the same time it eliminates 
strain between those wires. Insulators are placed ap- 
proximately 12 in. below the service head, Fig. 12-25. 
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SINGLE PHASE - 3 WIRE - 120/208 VOLT 
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SERVICE ENTRANCE CABLE OR 
CONDUCTORS IN CONDUIT. 


METER SOCKET 


GROUNDED 
CONDUCTOR 
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WHEN SERVICE IS 
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(CONNECT TO 
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ENTRANCE 


LOCATION 


Fig. 12-22. The watt-hour meter keeps records of the power 

consumed. A—Standard watt-hour meter. (Scott Harke) B— 

Meter socket. Meter completes the “hot” conductor circuits. 

Neutral is uninterrupted. C—Specifications for installation of 

a single phase three-wire meter. (New York State Electric 
and Gas Corp.) 
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TAP JOINT CONNECTOR 


A split-bolt connector is normally used for large 
wires, Fig. 12-26. The wire ends are stripped and 
overlapped in the connector. Then the nut of the 
split bolt is tightened. This type of connector is 
useful in making splices between the conductors 
of the service drop and those at the entrance head. 
Usually such splices are then wrapped in layers of 
electrical tape to the same thickness of the original 
insulation. 


CABLE 
CONNECTOR 


Fig. 12-23. Weatherproof or watertight connector is used to 
prevent water from running down cable or conduit into the 
meter enclosure. This type of fitting must always be used when 
service entrance cable enters meter enclosure from the top or 


side. (RACO Inc.) 
HEAVY DUTY STANDARD 
WIREHOLDER WIREHOLDER 
EE ~ 
> Gite 
WIREHOLDERS WIREHOLDER 
IN A RACK FOR MAST 


Fig. 12-24. Service drop wires are often attached to the 
building. Insulators or wireholders such as these are fastened 
into studding or attached to the mast. (Electroline Mfg. Co.) 
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SERVICE POWER COMPANY g 
HEAD SECONDARY 
LINES 


SPLIT-BOLT 
CONNECTOR 


HRA ' 


SERVICE 
ENTRANCE 
CONDUCTORS 
FORM RAIN DRIP LOOPS 


Fig. 12-25. Insulators should be placed well below the head. 
Cables are spliced with a split-bolt connector like the one shown 


in Fig. 12-22. Fig. 12-28. Within every structure, there must be a means of 


disconnecting all conductors from the service conductors. These 
disconnects must be clearly marked and easily accessible. 
(Wadsworth Electric Mfg. Co., Inc.) 


SPLIT-BOLT 
TAP-JOINT 
CONNECTOR 


Fig. 12-26. Close-up of a split-bolt tap-joint connector. It 
assures good electrical connection between large conductors. 
(OSHA) 


> 
w 
O 


Fig. 12-29. Very often, the main disconnect consists of a pair 
of fuses or a main breaker, which is shown here at the top of 
the circuit breaker box. (Square D Co.) 


SERVICE DISCONNECTS 


D The NEC rule requires that disconnect means or 
service entrance conductors cannot exceed six 
Fig. 12-27. Permissible service disconnects. switches either in a common or separate enclosures. 
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Several permissible arrangements are shown in Fig. 
12-27. In view A a single main disconnect is part 
of the branch circuit panel. View B shows no more 
than six switches or breakers in a single enclosure. 
View C shows a single main disconnect in an 
enclosure at or near where the service entrance con- 
ductors enter the building. In view D up to six 
disconnects are in separate enclosures at the same 
location. 


MAIN DISCONNECT AND SERVICE PANEL 


There must be equipment that will disconnect all 
wiring from the power source. This can be arranged 
by using a single main disconnect switch, Fig. 
12-28, or a main circuit breaker that is part of the 
service panel, Fig. 12-29. Note the wiring diagram 
in Fig. 12-30. 


MAIN DISCONNECT SWITCH 


A main disconnect or service disconnect switch 
may be installed with a feeder circuit going from 
it to a circuit or lighting panel, Fig. 12-31. This 
method requires feeder conductor ampacity of no 
less than the main disconnect. Also, a grounding 
conductor must be provided from the main discon- 
nect to the lighting panel. It must be isolated from 
the neutral within that panel, Fig. 12-32. 


SERVICE PANEL MAIN DISCONNECT 


Generally, the main disconnect is part of the ser- 
vice panel. It will consist of a main breaker or pair 
of fuses. This is usually more convenient and more 
economical. The service conductors enter the ser- 
vice panel directly from the meter enclosure. 

Whichever method is used, the disconnect must 
be located in an accessible place. Further, it must 
be located as close as possible to the point where 
the service conductors enter the structure. 

Modern entrance panels house circuit breakers or 
fuses controlling individual circuits, Fig. 12-33. Four 
large terminals are provided for connecting the three 
incoming service conductors and the important 
grounding conductor. Two of the large terminals are 
located on the main fuses or breaker for connec- 
ting each of the hot wires. The remaining two are 
on the neutral bus bar for attaching the neutral ser- 
vice conductor and the grounding conductor. 

Tight connections, in all cases, are necessary. 
This is very important for safety. 


SERVICE GROUNDING 
Grounding the service entrance is vital to the safe- 


ty of the entire electrical system. Careful attention 
should be given to this section to insure a thorough 
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understanding of the procedures involved. In addi- 
tion, you should study all sections of Article 250 
of the Code before undertaking any electrical 
installation. 

Grounding the service entrance involves connec- 
ting the neutral or white service conductor with the 
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MAX. ENCLOSURE CAP. 40 POLES 
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Fig. 12-30. As shown in this wiring diagram, the main breaker 

is located ahead of the circuits. All wiring can thus be discon- 

nected from the service conductors by opening the 
main. (Wadsworth Electric Mfg. Co., Inc.) 
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Fig. 12-31. A main disconnect may be placed ahead of a 
lighting panel. In that case, the supply conductors (feeders) 
must have an ampacity (rating) no less than that of the main 


breaker or service switch. (Square D Co.) 
oe AES UNGROUNDED EQUIPMENT 
CONDUCTORS GROUNDING 


BAR 


MAIN 
DISCONNECT 
NEUTRAL 

BUSBAR 


HANDLE PHASE 


BUSBARS 


4 CONDUCTOR 
FEEDER 


CIRCUIT PANEL 
OR LIGHTING PANEL 


Fig. 12-32. Four conductors must be provided between a 

main disconnect and the lighting panel. The fourth, called a 

grounding conductor, must be isolated from the neutral or 
grounded conductor. 


earth. This is done by means of the grounding con- 

ductor. This conductor connects the neutral lug of 

the meter housing or the neutral busbar of the ser- 
vice switch (service panel) to the metallic water 

supply pipe. See Fig. 12-34. 

In addition to the water supply pipe, or, if one is 
not available, other grounding electrode systems 
shall be used: 

1. Metal frames of buildings. 

2. Metal electrodes encased in 2 in. of concrete 
within or near the bottom of a concrete 
foundation. 

3. 20 ft. of No. 2 AWG bare copper wire buried 
not less than 2 1/2 ft. below the surface. 

4. Underground metal tanks or other such 
underground systems or structures. 

5. Rod or pipe electrodes which are at least 8 ft. 
long, fully driven into the ground or buried not 
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Fig. 12-33. Schematic of panel using pair of fuses for main 
disconnect. (Wadsworth Electric Mfg. Co., Inc.) 
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Fig. 12-34. Service entrance layout. It must have continuity 

of the grounded neutral and grounding electrode through 

grounding electrode conductor. Metal conduit must also be 
bonded to grounding means. 
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Fig. 12-35. Always firmly attach grounding electrode conduc- 
tor to electrode using correct and approved fittings. 


GROUNDING ELECTRODE CONDUCTOR SIZING 


Size of Grounding 
Electrode Conductor 


(AWG/kemil) 


Size of Largest Service- 
Entrance Conductor 


(AWG/kemil) 


Copper Aluminum Copper Aluminum 


-u 


2 or smaller 1/0 or smaller 


1 or 1/0 


| 2/0 or 3/0 | 


Over 600 — 1100 Over 900 — 1750. 


Over 1100 Over 1750 


Fig. 12-36. Refer to NEC Table 250.66 when determining 
the size of the grounding electrode conductor. 


less than 4 ft. below the surface. 

6. Metal plate of no less than 2 sq. ft. surface area. 
Where two or more grounding electrodes are 
used, they should be separated by a distance 
of 6 ft. and bonded (linked with a copper con- 
ductor). The less resistance, the better. In fact, 
the resistance must not exceed 25 ohms. 


GROUNDING CONDUCTOR 


As already stated, the grounding electrode con- 
ductor should provide little resistance. For that 
reason, the conductor should have the following 
characteristics: 

1. Copper or aluminum or copper-clad aluminum. 
2. Stranded. 
3. Bare. 


4. Uninterrupted. 
5. Firmly attached to grounding electrode using 
correct type of approved fittings, Fig. 12-35. 


SIZING GROUNDING ELECTRODE CONDUCTOR 


Table 250.66 of the NEC indicates the proper 
sizes for the grounding electrode conductor. This is 
based on the service entrance conductor size. See 
Fig. 12-36. 

For example, the installation of a 200 ampere ser- 
vice entrance using No. 3/0 AWG copper service 
wires, would require a No. 4 AWG copper ground- 
ing electrode conductor. 


SERVICE CLEARANCES 


Where overhead services are installed, certain 
regulations concerning clearances must be strictly 
observed. The NEC indicates that clearances for 
overhead, service drop conductors shall be as 
follows: 

1. Above roofs — see Fig. 12-37. 

a. 8 ft. as measured vertically from all points. 

b. 3 ft. if the slope is not less than 4 in. in 12 in. 

c. 18 in. over an overhanging portion of a roof. 
This clearance is limited to no more than 4 ft. 
of the overhang and only if they terminate at 
a raceway which goes through the roof or 
other support. 

2. Above final grade — see Fig. 12-38. 

a. 10 ft. above sidewalks. 

b. 12 ft. above residential driveways. 

c. 18 ft. above public alleys or thoroughfares 
subject to truck traffic. This can be reduced 
to 15 ft. if there is no truck traffic. 

3. At building openings — see Fig. 12-39. 

a. Not less than 10 ft. above a finished surface, 
platform, or other accessible surface. 

b. Not less than 3 ft. from a window in any 
direction (except above the window). 

Additional, and more detailed discussion of the 
regulations on clearances is found in Section 230.24 
of the NEC. 


SERVICE COMPLETION 


When the service entrance installation or rough- 
in is completed, it will be inspected by the electrical 
inspector. After this, the power company will in- 
stall the service drop or lateral by connecting the 
wires from their transformer to the service entrance 
conductors. 

Fig. 12-40 shows a typical completed service en- 
trance. Note the drip loops discussed earlier, as well 
as the positioning of other components in the fin- 
ished service system. 
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SIDEWALK ALLEY 
DRIVEWAY TRUCKS 


ROADWAY 
WITH TRUCK 
TRAFFIC 


Fig. 12-38. Above-grade minimum clearances. 


SERVICE SUPPLIES AND FITTINGS 


The major fittings and supplies necessary to in- 
stall a service entrance are shown in Fig. 12-40. 


OVERCURRENT PROTECTION 
Both circuit breakers and fuses are devices plac- 


ed in a circuit. They protect the circuit wires and 
the load which they supply from an overcurrent. 
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CIRCUIT BREAKER 


A circuit breaker is defined under NEC Article 100 
as “ʻa device designed to open and close a circuit 
by nonautomatic means and to open the circuit 
automatically on a predetermined overcurrent 
without injury to itself when properly applied within 
its rating.” 

Circuit breakers are illustrated in Fig. 12-41. A 
single-pole breaker serves a 120-volt circuit. A 
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Fig. 12-40. Completed service entrance and various fittings. 
Note relative position of components and special fittings. A— 
Cable, conduit, or anchor clamps fasten cable and conduit to 
structure. B— Elbow, sill plate, or entrance ell protect conduc- 
tors at point where they enter structure. (Raco Inc. and Elec- 
troline Mfg. Co.) C—Rain boot (not shown in drawing) is used 
to protect from leaks when service mast goes through roof. 


Fig. 12-39. Clearances around building platforms and 
openings. 


B € 


Fig. 12-41. Circuit breakers are devices used to protect wires and devices from overcurrent. They open the circuit automatical- 

ly upon overload or short circuit. After circuit has been repaired and problem corrected, the breaker may be manually reset to 

close and re-energize the circuit. A— Single-pole circuit breaker serves 120 volt circuit. B—Double-pole circuit breaker protects 
240 volt circuit. C—Cutaway of a single-pole breaker. (Square D Co.) 
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double-pole breaker serves a 240-volt circuit. 

Typically these breakers are plugged or bolted 
into the service panel and connected to the “hot” 
wire(s) of the particular circuit they are to protect. 
The neutral conductor of each circuit is not connect- 
ed to the breaker, but fastens directly to the neutral, 
grounded busbar. The amperage rating of each cir- 
cuit breaker must be matched to the circuit it pro- 
tects. Conductor ratings are shown in Table 310.16 
of the NEC. 


FUSES 


Overcurrent protection with fuses is considered 
in detail under Article 240 of the NEC. Essentially, 
fuses perform the same function as breakers. Fuses 
must be rated according to the circuit they protect. 
There are numerous types and classes of fuses with 
standard rating of 15, 20, 25, 30, 35, 40, 45, 50, 
60, 70, 80, 90, 100, 110, 125, 150, 175, 200, 
225, 250, 300, 400, 500, 600, 700, 800, 1000, 
1200, 1600, 2000, 2500, 3000, 4000, 5000, 
and 6000 amperes. They can be selected for fast- 
acting or time-delay applications and coordinated 
to clear faults without damage to themselves and 
the electrical equipment they serve. Fig. 12-42 
shows one available style of fuse. Guides for siz- 
ing fuses are given in Chapters 3 and 11. 


SERVICE RATINGS 
Up to now, we have limited our discussion to the 


120/240 volt, single-phase, three-wire service. It 
is the type most often installed for one and two- 


Fig. 12-42. Cartridge-type fuses are often employed to pro- 
tect circuits. There are numerous types, sizes, and application 
specialties. (Leviton Mfg. Co., Inc.) 
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family dwellings, as well as for small commercial 
structures. However, large facilities such as apart- 
ment buildings, factories, and other industrial 
establishments require larger and more versatile ser- 
vices. These service types are called multiphase or 
three-phase systems. 


PHASE CONCEPT 


Phase refers to the angle between various 
generated ac currents. The term three-phase in- 
dicates three separately derived ac currents which 
are ‘‘out-of-step’’ from each other by 120 electrical 
degrees. 

Two phase current occurs when two alternating 
currents are generated 90 degrees apart. The typical 
single-phase current exists when one current is pro- 
duced at regular intervals. Fig. 12-43 illustrates this 
important variance in electrical power generation. 

Single-phase, two-phase and three-phase are ab- 
breviated as 1¢, 2¢, and 3¢. 

Single-phase and three-phase current are used 
commonly in electrical generation. Two-phase has 
little practical application in industry today. 


(0) 
30° 90° 


c —+! 120° | 120° — 


Fig. 12-43. The meaning of phase. Electrical energy may be ex- 
pressed graphically by using sine-wave forms. A—Single-phase 
electrical energy generation. B—Two-phase current is 
accomplished by simultaneously generating two single-phase cur- 
rents 90 degrees apart. C—By generating three, single-phase cur- 
rents 120 degrees apart, three-phase current is created. 
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Fig. 12-44. Transformers have a simple makeup. Basically they 
consist of a metal core with windings or turns of wire around 
opposite sides. Note schematic at right. 


MULTIPHASE SYSTEMS 


The supply or source for a service entrance begins 
at the transformer. A transformer is a device which 
is capable of changing voltage and amperage. The 
utility company uses transformers to distribute and 
change electrical power throughout their service 
area. 


TRANSFORMER OPERATION 


While the electrician who works on residential 
systems will not be working on transformers, it is 
helpful for you to understand how they are made 
and how they work. Because of the voltages in- 
volved, you should be careful working around them. 
These units are installed and serviced by trained 
lineworkers employed by the power company. 

A transformer has a relatively simple structure, 
Fig. 12-44. Basically it is two coils or wire windings 
side by side, with a common metal core. These 
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Fig. 12-45. Application of alternating current causes a magnetic 
flux within the transformer core. This magnetic flux creates a cur- 
rent in the secondary side (outgoing) of the transformer. 


windings are called the primary and secondary. 
They are merely turns of wire. 

When an alternating current is sent through one 
of the coils, the primary, it magnetizes the metal 
core, Fig. 12-45, causing regular surges of 
magnetic flux. These surges are constantly revers- 
ing directions. This magnetic flux also moves 
through the other coil, which is called the secondary. 
A current is created there, too. Since the same 
magnetic flux exists throughout the core, the same 
voltage per wire turn is created. Therefore, any 
voltage difference is the direct result of differences 
in the number of turns in the primary and second- 
ary windings. 


TRANSFORMER RULE 


Mathematically stated: the total voltage in the 
primary coil is to the total voltage in the secondary 
coil as the number of turns in the primary is to the 
number of turns in the secondary. This can be ex- 
pressed as: 


Voltage of Primary  _ turns of primary 
Voltage of Secondary — turns of secondary 
Power into and out of a transformer is (ideally) 
the same. Since voltage changes within the 
transformer, so must amperage. Remember, power 
equals volts x amperes. For this reason, the 


10V qt {t 20v 20V 
1/2A 1/2A 
10VA 10VA 


| 
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Fig. 12-46. Transformers may increase the voltage or they 

may reduce it. A— Those designed to increase voltage are called 

step-up transformers. B—Step-down transformers reduce 
voltage. 
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Fig. 12-47. Power companies rely on transformers to efficiently transmit electricity over long distances. Actually, 
a chain of transformers links the generating plant with the consumer. 


amperage must change proportionately, but inverse- 
ly as does the voltage. This can be stated 
mathematically as: 


Primary Voltage 
Secondary amperage 
For example, suppose the primary voltage enter- 

ing a transformer is 12 volts and the primary 
amperage is 20 amperes. What will the secondary 
amperage be if the secondary voltage is 120 volts? 


_ _secondary voltage 


= “primary amperage 


Using the equation just given: 
12 Volts i 
(X) Secondary Amperage ~ 
by cross-multiplying: 


120 Volts 
20 amperes 


12V  120V 

X  20A 
120 X = 240 

X = 2 Amperes 


Since transformers change voltage, they can 
either increase or decrease the primary voltage. 
Those which increase the primary voltage are called 
step-up transformers. Those which decrease the 
primary voltage are called step-down transformers, 
Fig. 12-46. Directions for selecting the proper 
transformer to match the electrical load are found 
at the end of this chapter. 


SERVICE DESIGNATION 


The power delivered by the power company is ac- 
tually routed through a chain of transformers, Fig. 
12-47, up to the last pole transformer near the 
building it supplies, Fig. 12-48. These transformers 
are designed to supply the following service ratings: 
1. Two-wire, single-phase 120 volts. (Such instal- 

lations are no longer made.) 
2. Three-wire, single-phase 120/240 volts. 
3. Four-wire, three-phase 120/208 volts. 
4. Four-wire, three-phase 120/240 volts. 

Three-wire, single-phase 120/240 volt systems 
are, perhaps, the most common and most familiar. 


We deal with this type of service throughout this 
text. It provides both 120 volts for general lighting 
and receptacle loads as well as 240 volts for large 
motors, welders, heavy duty appliances, and other 
electrical equipment requiring this voltage. 


COMMERCIAL SERVICE ENTRANCE 
REQUIREMENTS 


Commercial structures, such as apartment 
buildings, factories, industrial complexes, hotels, 
motels, garages, and the like, require more circuits 
and higher levels of general lighting. In addition, 
there are larger motor loads and more heavy-duty 
electrical equipment of all types. All of these fac- 
tors contribute to a need for many more circuits and 
much larger circuit wires when using the conven- 
tional three-wire, single-phase service entrance. So, 
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Fig. 12-48. The final step-down occurs at the local pole trans- 
former near the structure it serves. Overhead conductors provide 
the last link to the customer's service wires at the service point. 
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Fig. 12-49. A more versatile alternative to single-phase wir- 
ing is three-phase. The wye-connected, three-phase, four-wire 
arrangement provides 120 V/208 V circuits. 


out of necessity, other electrical services, which 


satisfy these needs were developed. These are the’ 


four-wire, three-phase systems. 
FOUR-WIRE THREE-PHASE SYSTEMS 


Fig. 12-49 illustrates a wye-connected, four-wire, 
three-phase, 120/208 volt arrangement. Such a 
system can supply both single-phase 120 volt cir- 
cuits and three-phase 208 volt circuits. 


THREE-PHASE 208 v€ 


THREE-PHASE 
120/208 V 


Study the main panel wiring diagram shown in Fig. 
12-50. Note particularly the different circuit ar- 
rangements that are possible. In this type of panel, 
there are three hot busbars. Each has 120 volts 
to ground when connected to the neutral. For 
120-volt circuits, the circuit breaker connections 
are the same as in three-wire single-phase services. 
The black (hot) circuit wire goes to the circuit 
breaker terminal and the white neutral circuit wire 
is connected to the neutral busbar. As with single- 
phase systems, the 120 volt circuits should be 
balanced or equally arranged among the three hot 
buses. 

Two-pole circuit breakers are also installed in the 
same manner as with three-wire, single-phase ser- 
vice panels. That is, the double-pole breaker is at- 
tached to any two of the three hot busbars. Again, 
carefully balance these between all the buses. 
These comprise the two-wire, single-phase 208 volt 
circuits. 


MAKING SINGLE-PHASE CONNECTIONS 


A more versatile three-wire, 120/208 volt, single- 
phase circuit can be formed by connecting two cir- 
cuit wires to a double pole breaker as previously 
described and adding a grounded conductor to the 


GROUNDED 
CONDUCTOR 
(NEUTRAL) 


= SINGLE-PHASE 120 V CIRCUIT 
> SINGLE-PHASE 208 V CIRCUIT 


SINGLE-PHASE 
120/208 V CIRCUIT 


ENCLOSURE 
CABINET 


BOND TO 
CABINET 


Fig. 12-50. Main breaker and panel circuit connections for a wye-connected three-phase, four-wire service. 
Hot busbars are marked A, B, and C. 
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PHASE A 


”WILD” PHASE C 


PHASE B 


120V 208V 120 V 


NEUTRAL N 


Fig. 12-51. Popular delta-connected, three-phase, four-wire 

service supplies 120 V single-phase, 240 V single-phase, and 

240 V three-phase circuits. The “wild” phase C must always 

be identified at all terminations and accessible points. Usually 
it is indicated by the color orange. 


circuit. A circuit such as this can be used for 120 
volt receptacles and lighting outlets. It can also 
supply 120/240 voltage for electric ranges, counter 
cook tops and other devices designed for that 
purpose. 

Three-phase, three-wire 208-volt circuits are 
derived by connecting the circuit wires to a three- 


“WILD” LEG 


3 POLE 
MAIN 
BREAKER 


208 V SINGLE-PHASE < 


PANEL 
ENCLOSURE 


—— a 


NEUTRAL BUS 
(SN) 


pole circuit breaker. These circuits are specifically 
designed to operate special three-phase devices 
such as heaters and various heavy-duty motor- 
driven equipment. 

Last, but not least, a four-wire three-phase 
120/208 volt circuit is connected in the same man- 
ner as the three-wire 208 volt circuit with the ad- 
dition of a grounded wire connected to the neutral 
bus. This type of circuit is extremely useful when 
extending an electrical system to other circuit 
panels. 


DELTA FOUR-WIRE SYSTEMS 


Another service alternative is the delta- 
connected, four-wire, three-phase 120/240 volt 
system. A schematic for this type is illustrated in 
Fig. 12-51. It can provide 120 volt single-phase, 
240 volt single-phase, and 240 volt three-phase 
power. 

The panel connections, as shown in Fig. 12-52, 
are made as follows: 

1. For 120 volt single-phase circuits, connect one 
circuit wire (white) to the neutral and the other 
(black) to an ordinary single-pole breaker at- 
tached to phase A or B only. Note: the breaker 
must not be attached to phase C for this type 
of circuit since this would provide 208 volts, 


GROUNDED 
CONDUCTOR 


> 120 V SINGLE-PHASE CIRCUIT 


> 240 V SINGLE-PHASE CIRCUIT 


240 V THREE-PHASE CIRCUIT 


Sr 


BOND TO 
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= GROUND 


Fig. 12-52. Delta three-phase, four-wire panel connections. Note the variety of circuit possibilities. 
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as shown in Figs.12-49 and 12-50. Equipment 
designed for 120 volt operation would be 
ruined. 

The phase C wire of this system is often 
called the “wild leg” or “high leg” and must be 
identified as such at all accessible points with 
an orange-colored indicator. See NEC, Section 
215.8. At the panel, wire C is connected to the 
center bus bar. 

To derive power at 240 volt single-phase, you 
simply connect both circuit wires to a double- 
pole circuit breaker attached to any two phases. 
Do not include a neutral grounded wire in this 
circuit. 

For 240 volt, three-phase circuits, run three cir- 
cuit wires to a three-pole breaker attached to 
all three phases. Again, ignore the neutral for 
this type of circuit. 


Other variations of multiphase service systems 


are possible and, in fact, available in many locations: 


1. 


Four-wire, wye-connected, three-phase, 
277/480 volt. This is very similar to the 
120/208 volt system already discussed. The 
major difference is that the transformer second- 
ary supplying such a system has a higher 
voltage. Since most major appliances, lighting 
fixtures* and heating units do not operate at 
more than 240 volts, this system has limited 
use. 


. Three-wire, delta-connected, three-phase, 240 


volt. This system has strong limitations in ac- 
tual use. It may supply 240 volt three-phase or 
240 volt single-phase circuits only. 


* Discharge lighting, like fluorescents, are rated at 277 volts and would require this voltage 
source. __ 


REVIEW QUESTIONS — CHAPTER 12 


List five major components of a service 
entrance. 

The minimum service entrance rating for new 
builidngs is amperes. 


The proper size service for 200 ampere ser- 
AWG copper wire. 


vice is No. 


4. 


10. 


A 


12. 


13. 


14. 


Explain what is meant by: 

a. Service drop. 

b. Service lateral. 

The neutral bus bar at the service entrance 

panel provides an interconnection means for 

the conductor(s) and 
conductor. 


. The minimum clearance of service wires above 


a sidewalk is ___ sft. 

are devices used to change 
voltage. 
Name two types of transformers. 
Single-phase, three-wire, 120/240 volt sys- 
tems are commonly used to provide power 
to, while three-phase, four wire 
120/208 volt systems are found supplying 


The minimum size grounding electrode con- 
ductor is No. AWG. 

Describe, in your own words, the purpose and 
location of the following service entrance 
components: 

a. Meter enclosure. 

b. Service head. 

c. Main disconnect. 

Based on the transformer illustrated below, in- 
dicate the voltage, amperage and power of the 
secondary. 


ae aia 
50 VOLTS VOLTS = 
2 AMPS AMPS = 


POWER = 100 W POWER = 100 W 


7 TURNS 14 TURNS 

What is the ‘‘wild leg” and how is it connected 
into the panel? 

How many “hot” bus bars are there in three- 
phase lighting panels? 
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(McGraw-Edison Co., Power Systems Div.) 
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Open type package substation. Units like this reduce voltage of electrical power for distribution to still other step- 
down transformers. 


Wiring for large appliances, such as dishwashers, 
clothes washers, clothes dryers, garbage disposal 
units, water heaters, etc., requires special con- 
sideration. If fact, these units often need individual 
circuits. 


GENERAL CONSIDERATIONS 


The separate appliance circuit may be designed 
and connected to supply both 120 and 240 volts 
for devices such as electric ranges and clothes 
dryers. These appliances may have differing voltage 
needs at certain times during their operation. For 
example, clothes dryer circuits are varied and may 
be split, so that high heat is supplied at 240 volts 
while low heat is supplied at 120 volts. Fig. 13-1 
is a schematic for such a circuit. 

Quite often, the appliance is connected directly 
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Fig. 13-1. Clothes dryers are wired for 120 and 240 V. 
Motors and lights operate on 120 V, while heating elements 
operate at 240 V. 


to the power panel. It is protected by the branch 
circuit breaker which also may serve as a discon- 
necting means. 

Other hookups are made with a pigtail plug and 
a receptacle. This is a common practice with clothes 
dryers and electric ranges, Fig. 13-2. 


As shown in Fig. 13-2, the pigtail-receptacle 
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Fig. 13-2. Pigtail receptacle hookups commonly used on dryers and ranges. Most ranges and dryers have a 
terminal block, the place where the pigtail plug or circuit conductors are connected. 
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Fig. 13-3. A typical 30 A receptacle outlet. 


method involves running the conductors from the 
service panel to the receptacle, Fig. 13-3. Then, 
through the use of the pigtail plug, the circuit is com- 
pleted to the appliance. 

Still another method used is the system illustrated 
by Fig. 13-4. Here, provided the appliances are 
close to one another, an appliance power panel is 
installed. The various appliance circuits are run 
from the panel. This works well in small kitchens 
with built-in units, more or less tandem to each other, 
or in utility rooms. 

In general, the hookup for a range is a three or 
four-wire pigtail which plugs into a 50 A heavy-duty 
receptacle. The fourth terminal is for the equipment 
ground. 

Receptacles can be either surface mounted or 
recessed for flush mounting. The latter is usually 
preferred for new work. A 4 in. square box is 
needed for flush mounting. 

In general, appliances should be placed on a 
separate circuit if, as in the case of washers, dryers, 
ranges, garbage disposals, dishwashers, pumps, 
motors, and the like, they are rated at: 

1. 120 volt, 12 amperes plug. 
2. 1/8 plus hp. 
3. 240 volts or more. See Fig. 13-5. 


Fig. 13-4. Appliance power distribution method is particularly 
useful when appliances are close to each other. 
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APPLIANCE CLASSIFICATION 


At one time, rules regarding appliances provisions 
were based on their classification of the various 
types of appliances: 

1. Stationary. 
2. Fixed. 
3. Portable. 

Stationary appliances were those not permanent- 
ly attached in a specific place, but yet were not or- 
dinarily moved. These included clothes dryers, 
washing machines, and ranges. Fixed appliances 
were those like water heaters, motor-operated oil 
burners, and built-in electric heaters which could 
be permanently installed. Portables were the com- 
monly moved type of appliances: blenders, mixers, 
toasters, and radios. 

However, despite classifications given by these 
older rules, many appliances fell “between” these 
designations and had to be connected as if they 
were one type or another. When this occurred, the 
electrician had to use his/her best judgment based 
on the amperage, voltage, horsepower, and volt- 
ampere rating of the appliance. The 1981 NEC 
dropped those definitions from Article 100, but they 
are still found in Article 550. 


TO WASHER 

TO DRYER 

TO PUMP 

TO GARBAGE DISPOSAL UNIT 
TO RANGE 


Fig. 13-5. Large stationary appliances require separate circuits. 


HEAT TRAVELS THROUGH METAL ROD 
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Fig. 13-6. Conduction of heat. This is how heat travels 
through solids. 
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HEATERS 


A frequent installation or repair performed by elec- 
tricians involves electric heaters. Heaters are 
devices containing resistors through which an elec- 
tric Current passes to produce heat. This heat is 
subsequently given off to the surrounding area by 
a process called either conduction, convection, or 
radiation. These are the three methods by which 
heat travels. 

Conduction is the means or method by which heat 
passes through a substance by the contact of its 
molecules. That is, the heat energy is tranferred 
from point to point within the substance by 
molecules touching each other. Due to the nature 
of this type of heat transfer, it takes place almost 
exclusively in solid substances. 

Convection is the process by which heat is 
transferred through fluids, liquids, and gases, by the 
movement of masses having unequal temperatures. 
Warm fluid masses rise because they are less dense 
than the surrounding fluid. Cool fluids sink because 
they have greater density than their surroundings. 

Radiation is the primary method by which heat 


JAR WITH 


LIQUID 
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RISES COLD LIQUID 
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Fig. 13-7. Convection of heat. Heated fluids, being lighter, 
rise. Cooler fluids drop. Both liquids and air circulate this way. 


is transferred through energy waves. The waves 
come out from the source in straight lines, and move 
in all directions from the source. It is the method 
by which the sun’s energy reaches earth. Models 
of these three heat-transferring methods are seen 
in Figs. 13-6 through 13-8. 


HEATER INSTALLATION 


Typical home heaters are usually built into floors, 
ceilings, and walls or, in some cases, they are sur- 
face mounted. These heaters are almost always 
automatically controlled by thermostats which are 
located close by the heating unit or built into it. 
Some are provided with circulating fans to help 
force the warm air away from the unit while draw- 
ing in cooler air to be warmed. Many heating units 
are designed to be completely portable so they can 
be easily relocated. 


TYPES OF HEATERS 


Home heating units are available in a great varie- 
ty of shapes, sizes, and power ratings. Units may 


HOT BALL 


OF METAL 


Fig. 13-8. Radiation of heat. This is how heat travels through 
air and space. 


Fig. 13-9. Baseboard heater unit. (Square D Co.) 
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be square, rectangular, or circular. The heater’s size 
has traditionally been given in watts or kilowatts 
of power used. Latest NEC publications prefer giv- 
ing size in volt-amperes. (It is the same as the watt 
since volts times amperes equals watts.) 

The units may range in size from 750 W (750 
VA) to 7500 W or more. Floor heaters and 
baseboard units, Fig. 13-9, are varied. The size and 
type chosen depends mostly on room size and com- 
fort needs. Fig. 13-10, illustrates additional types 
of heater units. 


Wall units 
Wall units are common, Fig. 13-11. They can 


have ratings up to 6 kW (6 kVA) or more. They may 
be flush mounted, recessed, or surface installed. 


Fig. 13-10. Electric heating units are available in a variety of 
sizes, shapes, styles, and power ratings. 


Various styles of wall units are available. They 
can operate on the radiation principle (called radiant 
heaters) or they can be fan assisted. 

Control may be a wall-mounted or integral 
thermostat. 


Floor units 


Floor heating units are primarily of two types: 
1. Floor heating cable. 
2. Floor duct or drop-in units, Fig. 13-12. 

These units have general ratings of 120 to 240 
volts. 

The floor heating cables require special installa- 
tion procedures. Consult the Code as well as the 
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Fig. 13-11. Wall mounted heating units. 
(Markel Nutone Div., Scovill) 


Fig. 13-12. Floor heating unit. 


local inspector. 

Floor duct units are simple to install. The pro- 
cedure is carefully explained and illustrated by the 
manufacturer. Heat is moved by natural convection 
or a fan. Thermostats are generally wall mounted. 
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Baseboard units 


Perhaps the most common residential and small 
commercial type heaters are the baseboard units. 
See Fig. 13-9. 

Again, these operate at 120, 240, or 208 volts, 
and have a load rating ranging from 35 (35 VA) to 
about 4.5 kW (4.5 kVA), depending on size and 
construction. Thermostat control is possible from 
either a wall-mount or integral positions (on the 
appliance). 


Other units 


Although only a few specific types of heater 
units are discussed here, there are many other types 
available. The choice depends on many factors: 
1. Size of area to be heated. 

2. Heat loss factors. 
3. Insulation present. 
4. Climatic conditions. 
5. Desired temperature of area to be heated. 
6. Style preference. 
Other types of electric heaters marketed today 


1. Heat pumps. 

2. Electric furnaces. 

3. Electric fireplaces. 

4. Ceiling heaters. 

5. Outdoor roof-mount central heating. 


HEATER CIRCUITS 


Because of the variations in types, makes, and 
models of heaters, it would be impossible to 
describe all the heater circuits possible. However, 
the common types of heaters available for home or 
office installation are similar enough so that they 
can be shown and described here. 


TO OTHER 
BASEBOARD UNITS 
THERMOSTAT 


120/240 V LINE 


Fig. 13-13. Baseboard heater circuit. Baseboards are perhaps 
the most common heaters used in both residential and light 
commercial application. 


Fig. 13-13 shows the circuitry commonly found 
in baseboard units. Generally, these may be wired 
for 120, 208, or 240 volts. Circuits must be prop- 
erly grounded. 

Fig. 13-14 shows a typical wall or ceiling heater 
circuit. Note the similarity in circuitry of the two 
units. The relay, in each case, is used because of 
the time-delay needed to compensate for the slow 
moving contact points within the thermostat. Most 
units have built-in relay switches so there is no need 
for auxiliary wiring. Fig. 13-15 shows a wiring 
schematic for a heater with fan-assisted circulation. 


WATER HEATERS 


A single-family home or small commercial enter- 
prise will usually have a 30, 40, or 50 gallon hot 
water heater. Electric water heaters require a 
separate 240 volt circuit. 

In most instances, the water heater is connected 
to a two-pole 20 A or 30 A breaker at the main 
panel or a nearby subpanel. 20 A should be used 
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Fig. 13-14. Wall or ceiling heater circuit. Note circuitry for 
relay. 


120-240 V 
LINE 


HEATING COILS 


Fig. 13-15. Typical circuit for a heater with fan-assisted 
circulation. 


157 


Modern Residential Wiring 


for heaters up to 4 kW (4 kVA), while 30 A is ap- 
propriate for those up to about 6 kW (6 kVA). These 
would be wired with No. 12 or No. 10 AWG con- 
ductors respectively, Fig. 13-16. This manner of 
connecting the water heater will provide 24 hour 
heating. 

Another alternative is shown in Fig. 13-17. Itis 
called off-peak water heating. It allows water to be 
heated between the hours of 10 p.m. and 7 a.m. 
approximately. In addition, with minor modification, 
a manual override can be installed for those times 
when more than the usual amount of hot water is 
needed. 

Water heaters, like most electrical equipment, 
must be properly grounded. This is accomplished 
simply by bonding the water heater unit casing to 
the equipment grounding conductor of the cable or 
to the conduit, if supplied in that manner. 


TYPICAL TWO RATE 
METER INSTALLATION 
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LOCATION 
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IDENTIFY ALL WIRES AT METER 
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SERVICE 
EQUIPMENT 


COLORS SHOWN ARE A 
SUGGESTED SEQUENCE. 
ANY COLOR SCHEME 

MAY BE USED. 


20-30 A DOUBLE 
POLE 240 V 


GROUND 


WATER 
HEATER 


NOTE: If NMC or NM cable is used, the white 
conductor must be marked black or red at 
both connections. Remember a strictly 240 
V device requires no neutral conductor. 


Fig. 13-16. Water heater connection for 24-hour heating. 
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Fig. 13-17. Alternate method of connecting a water heater to provide off-peak heating. 
(New York State Electric and Gas Corp.) 
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ROOM AIR-CONDITIONER UNITS 


Air conditioners are connected for either 120 or 
240 volts and generally are rated between 4 and 
10 ampere. For example, a typical air conditioner 
might be rated 1.5 kVA (240 V x 6.25 A). This air 
conditioner could be placed on a 15 A double-pole 
breaker or plugged into a receptacle like the one 
shown in Fig. 13-18. Other air conditioners, which 
operate on 120 V, can be plugged into any regular 
duplex receptacle outlet. 

Air conditioners can often be connected to the 
same Circuit as heating units, since they would not 
be operating at the same time. In fact, when com- 
puting service requirement, only the larger load is 
considered. 


240 VOLT 
DUPLEX OUTLET 
TANDEM SLOTS ARE 
HORIZONTAL 
15 A/240 V 


20 A/240 V 


20 A/240 V 


Fig. 13-18. 240 volt air conditioners, rated at 16 A or less, 
most often are simply plugged into special outlets such as 
these. 


15 A/120 V FROM PANEL (DEDICATED CIRCUIT) 


GARBAGE 
DISPOSAL 
SWITCH 


GARBAGE 


Fig. 13-19. Garbage disposal units are installed with a switch 
control nearby. 


GARBAGE DISPOSAL UNIT 


Garbage disposal units, such as the one pictured 
in Fig. 13-19, may be controlled directly from the 
panel circuit breaker, from a plug and cord connec- 
tion, or most often, with an on-off switch. They are 
rated at approximatley 5-9 A and 120 V. Since they 
are motor-operated, they must have overcurrent 
protection not exceeding 125 percent of their full- 
load current rating. 


DISHWASHERS 


Most dishwashers have a cord and plug which 
may be connected to one of the 20 A kitchen ap- 
pliance receptacles. Like garbage disposal units, 
they carry a rating within the range of 5-10 A at 
120 V. In fact if location permits, the dishwasher 
and garbage disposal unit can be connected to the 
same kitchen duplex outlet. 


REFRIGERATOR AND FREEZERS 


Refrigerators and freezers should have special 
outlets dedicated only to them. Both are motor-type 
appliances and, as mentioned earlier, should have 
overcurrent protection, fuses, or breakers rated at 
not more than 125 percent of their nameplate cur- 
rent. Connection is almost always by cord and plug. 


COOKING TOPS AND WALL MOUNTED 
COOKING UNITS 


Counter cooking tops and wall-mounted cooking 
units are each rated at approximately 7.5 kW (7.5 


PANEL 


#6 AWG 


TO COOK TOP 


Fig. 13-20. Due to their close location, often two appliances or 
more may be placed on a single, but properly rated subpanel. 
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kVA) and 120/240 volts. These types of units re- 
quire special circuits and overcurrent protection in 
the form of fuses or breakers, usually 30-40 A. 
They are connected in the same manner as ranges 
or dryers discussed earlier. Service entrance cable, 
No. 8-10 AWG, is often the method of connection, 
Originating from the main panel or subpanel, directly 
to the unit. In instances where the units are close, 
it is permitted to connect the pair to a single cir- 
cuit, providing the overcurrent protection is suitable 
for the combined load, Fig. 13-20. 


MISCELLANEOUS SPECIAL OUTLET UNITS 


There are several other devices which should 
have special outlets and circuits dedicated to them. 
They are merely listed since they are connected in 
a similar manner to large appliance outlets. 
Central heating/cooling system. 

Attic fans. 

Well pump. 
Sump pump. 
Large shop tools. 


dei a 


ELECTRIC MOTORS, GENERAL PROVISIONS 


Motors, like other electrically operated devices, 
must have a control. In addition, they should be pro- 
tected against overloading, short-circuiting, or over- 
current surge. 

Small motors (1/20, 1/10, 1/8, or 1/5 hp) can 
usually be controlled by a plug-in cord. To discon- 
nect, simply unplug the electric cord. But larger, 
nonportable motors require more amperage and, 
thus, need more sophisticated disconnect means. 
This may be a circuit breaker, fuse block within the 
service panel, fused switch-box or motor-starter 
switch near the motor itself. See Fig. 13-21. 

Regardless of the type of motor, it’s horsepower, 
or amperage rating, make sure that it is properly 
grounded. This can be done through the conduit or 
metal armor of the conductor or by a separate con- 
ductor between the motor itself and a grounding 
electrode or water pipe. Do not overlook this im- 
portant grounding method. Refer to grounding sec- 
tion of Chapter 5. Motors are discussed in depth 
in Chapter 22. 


REVIEW QUESTIONS — CHAPTER 13 


1. List five appliances which require special circuits 
or outlets. 


2. Name the three methods by which heat is 
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Fig. 13-21. Heavy-duty motor switches. These are used as 
the disconnecting means for motors of 1/4 hp or greater. 
(Killark Electric Mfg. Co.) 


tranferred from place to place. 

The method of heating water during the night- 
to-early morning hours is called 

water heating. 

Motor-operated appliances such as garbage 
disposal units should have overcurrent protec- 
tion in the form of fuses or breakers which will 
not exceed percent of their full load 
rating. 

. A counter cook top unit rated at 8 kVA and 
120/240 V, should be on a separate circuit hav- 
ing a double-pole circuit breaker of A. 
Baseboard heaters are often on the same circuit 
as room air conditioner units. True or False? 


Light commercial wiring of the type required by 
a small store, is perhaps the least complex form of 
wiring an electrician will encounter. In general, these 
establishments need only the bare minimum of elec- 
trical power. Most stores, unless very special, re- 
quire only a simple 100-ampere service, True, 
specialty stores such as appliance, electronics, or 
heavy-duty tool shops, would require much more 
capacity. These, however, are the exceptions rather 
than the rule. 


45’ x 20’ 
(900 sq. ft.) 


SERVICE 
DROP 


14 


Light Commercial 
Wiring 


At the other extreme, multiple occupancy struc- 
tures such as apartment complexes with three or 
more stories require careful considerations as to in- 
dividual and overall load requirements. A 30-unit 
apartment building, which is certainly a rather small 
multiple occupancy, may easily require a service en- 
trance of 1000 A or more. 

In essence, the apartment building is a complex 
commercial structure. Wiring should be attempted 
only by an electrician experienced in this type of 
installation. 

Refer to Article 220 of the NEC throughout this 
chapter. In addition, study the Examples and Annex 
Section of Chapter 9 in the NEC. 


SMALL RETAIL STORE 


Wiring a small retail store is one of the least com- 
plicated tasks for an electrician. A commercial struc- 
ture such as this usually requires a minimum of elec- 
trical power. It has only a few lights, receptacle 
outlets, a modest heating system, air conditioning, 


Ia 1,2l 


| 8° SHOW WINDOW 


STORE 
-~«—— ENTRANCE 


| 8° SHOW WINDOW 


|3 172 { 


Fig. 14-1. A small retail store with 25 ft. of show window. Lighting requirement for show windows is 200 VA per linear foot. 
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and, perhaps, a small water heater. 

The structure represented by Fig. 14-1 is a small 
establishment of about 900 sq. ft. (45’ x 20’). A 
show window extends 25 ft. along its front and 
side walls. 


GENERAL LIGHTING 


The NEC sets the general lighting load at 3 VA/sq. 
ft. for stores. Therefore, this store will require 2,700 
VA (W) for general store lighting. This will translate 
into 22.5 A at 120 V which will require two 15 A 
circuits using No. 12 AWG wire. In addition, 24 
duplex receptacles will be installed. (See Section 
220.13 NEC.) Each is rated at 180 volt-amperes. 
A volt-ampere (VA) is a measure of apparent power, 
rather than actual wattage. Its values are the same 
as watts. 


SHOW WINDOW LIGHTING 


Show windows carry a special significance since 
they are to be well lighted. NEC 220.12 requires that 
a load of at least 200 VA be included for each run- 
ning foot (305 mm) of show window. 

In our example, you would multiply 25 feet by 200 
volt amperes to find total volt amperes (5000 VA). 
Accordingly, three 15 A circuits are necessary. 
Again, No. 12 AWG conductors are recommended; 
No. 14 AWG is minimal. 


HEATING, AIR CONDITIONING 
AND WATER HEATING 


We shall assume the heating unit to be 8 kVA. 
The air conditioner is rated 5 kVA and a small water 
heater, 2.5 kVA. 


SERVICE LOAD 


Computing the service load for a small retail store, 
such as the one described here, is a simple matter. 
In fact, it is extremely easy when you consider the 
computations involved in wiring a large apartment 
building or a giant industrial complex. 

We simply add up the factors: 


General lighting............ 2700 VA 
Show WINGOW .< 25. «2 oe 5000 VA 
Receptacles (180 VA each) ... 4320 VA 
Heating = ieee... SS. 8000 VA 


Air COMAITIONING ea «= -soie ee. ee 
(omit, NEC 220.21 permits you to omit the 
smaller load of heating/cooling.) 

Water heater.............. 

UiGital ee re te eee 22,520 VA 

22,520 VA + 240 V = 93.83 A 

A 100 A single-phase, three-wire service entrance 
is adequate. If desired, this may be increased to 150 
A to allow for future expansion. 


SMALL MULTIFAMILY DWELLINGS 


The wiring of multifamily dwellings is somewhat 
complex. This section will try to simplify the subject. 

We will consider only small multifamily dwellings 
rather than large apartment buildings. Once you . 
have mastered the basics learned here you will be 
able to go on to more complex installations. 

The term multifamily (or multiple occupancy, as 
it is sometimes called) refers to buildings that house 
more than two apartments or family occupancies. 
One- and two-family dwellings are not considered 
multiple occupancy by the Code. This is an impor- 
tant distinction and should be remembered when 
interpreting various sections of the Code. 


SERVICE DROPS 


Except in certain instances, only one service drop 
is permitted for an entire building. This service drop 
feeds into separate meters for each apartment. See 
Fig. 14-2. In addition, one meter is usually used to 
record power consumed by common areas, such as 
stairways, hallways, outside lighting, or security 
lights. Electrical requirements of common areas are 
known as the house load. 


APT| APT] APT| APT] APT 
Tees es 
B| BJ B| Bİ B] 
PAT ATATAT A] 


SERVICE DROP 
OR 


LATERAL HOUSE LOAD METER 


APT APT APT APT APT 


1 2 3 4 5 
SERVICE DROP 
OR LATERAL 


WIREWAY 
OR TROUGH 


HOUSE 
LOAD 


Fig. 14-2. For small building of one or two floors, the service 

is fed directly to separated metering equipment for each apart- 

ment. A—Main service disconnect. B— Branch circuits. 
M— Meter equipment. 
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BUILDING CATEGORIES AND SERVICE SCHEMES 


The Code generally separates multiple occupan- 

cy dwellings into several categories: 

1. One or two-story structures. 

2. Three-story-plus structures without occupants 
above the second floor. 

3. Structures of three or more stories with 
occupancy on or above the third floor. 

These categories are very important in determin- 
ing the proper arrangement of the service equip- 
ment. The key difference is that multiple occupan- 
cy structures of one and two floors can be treated 
in much the same manner as individual houses. Each 
apartment will have a separate meter and panel with 
disconnecting means. Refer again to Fig. 14-2. It 
illustrates a five-apartment building of one or two 
stories having a meter for each unit plus a house 
load or common meter. ; 


MAIN 
DISCONNECTS 
TO BE 
LOCATED IN 
COMMON 
ACCESSIBLE 
AREA 


Fig. 14-3. In three-story or greater occupancies, metering 
equipment and main disconnects for all apartments must be 
in a common, accessible area. 


When buildings are occupied on or above the third 
floor, the arrangement shown in Fig. 14-2 is not 
permitted. In these situations, the service equip- 
ment, meters, and main disconnects for each and 
every apartment must be in a common, accessible 
location. (This must be a place that all occupants 
can reach usually a hallway or basement.) The only 
pieces of service equipment placed in each apart- 
ment, are the lighting and branch circuit panel with 
individual circuit disconnect. Fig. 14-3 and Fig. 
14-4 illustrate this type of layout. 

There are alternatives, of course, to the ar- 
rangements illustrated in Figs. 14-2 through 14-4. 
The main idea is that dwellings of one or two stories 
have main disconnects in each apartment. Buildings 
of three or more stories with occupancies above the 


second floor must have all the service entrance 
equipment in a common accessible location. The 
branch circuit disconnects shall be in each 
apartment. 


MAIN DISCONNECTS 


( FOR ALL APTS 


COMMON ENTRANCE Se 
ACCESSIBLE TO ALL BRANCH 
OCCUPANTS CIRCUITS a j 
DISCONNECT 


UPPER FLOORS 


1ST FLOOR APT 


Fig. 14-4. Main floor of multiple occupancy dwelling, having 
occupancy above the second floor as well. Disconnects are in 
a main entrance area. 


COMPUTING SERVICE LOADS FOR 
MULTIPLE OCCUPANCIES 


A simple way to compute apartment building 
loads is to first treat each apartment as a separate 
load. Then, add to the total the load of the apart- 
ments’ common loads such as central air condition- 
ing, heating, laundry, etc. These are used by all the 
occupants. 

As an example, we shall compute the service re- 
quirements for a multifamily dwelling having five 
apartments. Each apartment has: 

1. An area of 600 sq. ft. 

2. An electric range rated at 8 kVA. 
3. An air conditioner rated at 5 kVA. 
4. Six 1.5 kVA heaters. 

5. A 5 kVA water heater. 


First, compute the individual load for each 
apartment. 
600 sq. ft. x 3 VAISGMiS......0..4. 1800 VA 


8 kVA range @ 80% 


(NEG 220.19) re 6400 VA 
Electric heating 6 x 1.5 kVA 

(NEC 220.15) oere cemoe eaae: 9000 VA 
Water heater 5 KVA .............. 5000 VA 
Air conditioner 5 KVA ............. 5000 VA 


Next, determine the number of branch circuits for 
each apartment: 
General lighting .... 2-15 A or 20 A circuits, 
No. 12 AWG conductors 
Required small appliances . . . 2-20 A circuits, 
No. 12 AWG conductors 
Laundry circuit . . . (common to all apartments) 
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Range circuit..... 1-30 A, No. 10 AWG 
conductors 

Electric heating..... 2-20 A, No. 12 AWG 
conductors 

Air conditioner..... 1-30 A, No. 10 AWG 
conductors 

Water heater..... 1-30 A, No. 10 AWG 
conductors 


Next, find the size of the conductors needed to 
sub-feed these apartments from the service meter 
or main disconnect: 

Computed load (see NEC 220): 


General lighting load ......... 1800 VA 
(600 sq. ft. x 3 VA/sa. ft.) 

Small appliance load ......... 3000 VA 
(2-1500 VA circuits) 

MOAN. of rea cs  s a e : 4800 VA 


Demand factor (See sections under Article 220 
NEC): Omit air conditioner load, NEC 220.21 


First 3000 VA at 100% ..... 3000 VA 
Remainder at 35% ......... 630 VA 
Subtotal a 4.0m sc Oe ees 3630 VA 
TANGE aeea e = catia 6400 VA 
+ WOE AGNI sos « oe etsy a 9000 VA 
+ water heater............ 5000 VA 
Total so waco ey « Ree ee 24,030 VA 


For a single-phase, three-wire system: 

24,030 VA + 240 V = 100 Amperes 

No. 1 AWG TW conductors will be needed for the 
service feeder conductors. 

Finally, compute the sub-feeder neutral for each 
apartment: 


Lighting + Small appliance......... 3630 VA 
Range 8000 VA x .70 

(NEC 220722) RE eee ee 5600 VA 
Heating and water heating (no neutral) 
Total neutral load oo... yess tases cutee 9230 VA 


Therefore 9230 VA + 240 V = 38.5 Amperes. 
Use No. 8 AWG TW conductors. 


MAIN SERVICE ENTRANCE CONDUCTORS 
Once individual apartment requirements are com- 


pleted, you can the determine main service entrance 
conductor sizes needed for the entire building. 


Computed load: 
Lighting and small appliance load, 

5 x 4800 VAm w m 24,000 VA 
Water and space heating x 5 70,000 VA 
Ranges 5 x 8000 VA ..... 40,000 VA 
5 Apt., Net logde . am... . 2% 134,000 VA 
(See NEC Table 220.32) 


134,000 VA x .45...... 60,300 VA 


60,300 VA + 240 V = 251A 
Main neutral feeder size: 

5x 4800 VA oe wee. 5 a ee 24,000 VA 

First 3000 at 100%. . seme. 3000 VA 

Remainder at 35% ........ 7350 VA 


+ 5ranges = 20,000 VA x .70 = 14,000 VA 
Totales .....9. 0M. 2. Seen 48,350 VA 
48,350 VA + 240 V = 201 Amperes 


HOUSE LOADS 


If they are of any consequence, house loads 
should be computed as you would a separate apart- 
ment. In reality, the house load is on its own meter 
and its cost is shared by all. Before making your 
calculations, and laying out the house circuit for a 
house load, carefully review Article 220 of the Na- 
tional Electrical Code regarding the finer points of 
branch circuit feeder calculations. 


REVIEW QUESTIONS — CHAPTER 14 


1. The general lighting load for retail stores is 
___s—d V/s. ft. 

2. Show window lighting should be computed at 
no less than watts per linear foot. 

3. List the general categories for multiple occupan- 
cy dwellings. 

4. For buildings that have occupancy on or above 
the third floor, the service equipment, meters, 
and main disconnects for each and every apart- 
ment must be located in: 

The cellar. 

The individual apartments. 

A locked closet. 

A common accessible place. 

e. Any of the above locations. 

5. Branch circuit equipment for each apartment 

must be located in 
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The sizes of farms and their production 
capabilities are increasing at a rapid rate. According- 
ly, their electrical demands must be met with good 
quality and high capacity electrical systems. 

Farms are complex operations requiring careful 
planning and layout considerations prior to the ac- 
tual installation of electrical equipment. A farm 
should be thought of as a small industrial plant or 
business having several buildings, but involved in 
a single purpose, food production. Operating toward 
that end, each unit or building requires electrical 
power. 


POULTRY HOUSE 
DAIRY BARN 


FARMHOUSE 


GARAGE 


YARD POLE 
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POWER DISTRIBUTION 


Farm buildings may include: dairy or stock barn, 
equipment shed(s), hog house, poultry house, 
machine shed, granary, garage, and farmhouse. 

The electrical power is brought to the farm by the 
power company. The service drop, in this case, 
ends not at the dwelling, but rather at a centrally 
located yard pole. Power is subsequently distributed 
from the pole to the individual buildings. Fig. 15-1 
illustrates electrical power distribution on a typical 
farm. 


FARM EQUIPMENT 


As with any electrical installation, the total elec- 
trical demand should be calculated before beginning 
actual wiring. Farmers, by necessity, have great 
electrical needs and these must be accurately 
figured. For example, devices such as milking 
machines, coolers, silo unloaders, feed conveyors, 
barn cleaners, fans, feed mixers, and other motor- 
driven equipment are typically found on modern 


GRANARY 


HOG HOUSE 


MACHINE SHED 


Fig. 15-1. The farm power central distribution layout. Power is directed to the various buildings from the farmyard pole. 
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farms, Fig. 15-2. Each of these devices, as well as 
many others, must be properly wired and connected 
for safe and efficient operation. Almost all modern 
farms require a 200 to 400 A service entrance. 


THE YARD POLE SERVICE DROP 


Although each building will have its own service 
panel containing fuses or breakers for overcurrent 
protection, the service drop and meter will be 
located at the yard pole. This will serve as a power 
center and overall disconnecting means for the 
farm. A yard pole is shown in Fig. 15-3. A fire-pump 
disconnect and emergency power transfer switch 
may also be located here. 


GROUNDING 


Because of the importance of grounding and par- 
ticularly grounding of large motor-driven devices, 
farm electrical systems often have many grounds. 
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This is crucial especially in farm buildings because 
of the dampness. 

For this reason, metallic sheathed cable and/or 
metal conduit are not suitable for farm wiring 
systems. Too often the metal corrodes weakening 
the ground. This creates hazardous situations. 

To insure proper grounding and safe wiring in 
farm buildings, metal equipment is used as little as 
is practicable. Nonmetallic cable such as NMC, or 
UF, as well as nonmetallic outlet boxes, Fig. 15-4, 
are preferred. Boxes are made of bakelite PVC, 
fiberglass, or similar materials. These materials are 
not affected by dampness. 

The ground is established through a ground wire 
within the nonmetallic conduit or cable, as shown 
in Chapter 9. This ground wire is made continuous 
from the ground at the service entrance to all parts 
of the system. Sometimes, additional ground rods 
are located near and connected to motor-driven 
devices such as large fans and conveyors. Metal 
stancheons, floorgrating, etc., should be ground- 


ed as well. 
=i ULSATIO 
= PULSATION 


LINE 
a 
FHI 


[9 TO RECEIVER JAR 
| __ & SANITARY 


MILK LINES 


MANURE PUMP 
SYSTEM 


Fig. 15-2. Farms have great electrical demands which must be carefully considered. Many devices like | 


the ones shown here are common farm necessities. 


(Patz Co. and DeLaval Agricultural Div.) i 
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Fig. 15-3. The yard pole is the farm's central ‘‘hub’’ of power 
distribution. 


SPECIAL DEVICES 


On many farms, as in other damp locations such 
as basements of homes, surface mounted 
nonmetallic units are used in lieu of meta! outlet 
boxes. These units are self-contained, being com- 
binations of box and switch, box and lamp holder, 
or box and receptacle, Fig. 15-5. They are simply 


ELECTRIC EYE 


LAMPHOLDER 


Fig. 15-5. Self-contained nonmetallic devices are often used on farms and other damp locations. 


SWITCH 


RECEPTACLE 


Fig. 15-4. Nonmetallic boxes are particularly useful in damp 
and wet locations. 
(Raco Inc. and Allied Moulded Products, Inc.) 


interconnected with the NMC, LTFMC, or UF cable. 

Other special devices and equipment used on 
farms may include: Vapor-proof light fixtures, timer- 
switches, waterproof (reflector) yard lights, light- 
ning arrestors, weatherproof (outdoor) switches, 
and outlet boxes, Figs. 15-6 through 15-11. Motor 
disconnects and controllers should be housed in 
NEMA 4X enclosures, especially in damp/wet areas. 


SWITCH 


LAMPHOLDER, PULL CHAIN 


(Bryant) 
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DAIRY BARN 


The dairy barn will undoubtedly require the most 
electrical power of any building on the farm. Indeed, 
it is the center of the farm. The numerous motor- 
driven machines must be carefully considered when 
calculating feeder load requirements. 


RUNNING CABLE OR CONDUIT 


Running of cable or raceways in barns and out- 
building should be done with the same care as house 
wiring. Make your parallel runs along the sides, 
rather than the bottoms of beams and joists. Make 
cross runs through drilled holes rather than over 
edges. If runs must be made across the surface, pro- 
tect cable with 1 x 4 boards. Place wiring where 
it will be protected from weather wherever possible. 

Electrical outlets should be plentiful. One outlet 
every 12 ft. or closer is best. These may be located 
along the walls behind the stanchions. The recep- 
tacles should be mounted no lower than 60 in. (1.5 
m) above the floor. Higher is even better as it 
prevents their being damaged by animals or tools. 

Lights should be located both to the front and rear 


Fig. 15-6. Vapor-proof light fixture. Because of the excessive 
damp and dusty conditions in farm buildings, these units are 
installed as another safety measure. The bulb is encased in a 
glass dome, around which is a strong, protective cage. These 
units are essential in areas like the haymow. 
(Appleton Electric Co.) 


Fig. 15-7. Timer-switch is often used on the farm to 
automatically turn lights on and off. 


of the stanchions. A 60 watt porcelain or plastic 
fixture each 15 ft. (4.6 m) is enough. Dustproof 
lights should be installed in the feed-storage, silo, 
and haymow areas. These lights should be con- 
trolled by a wall switch at every entrance to the 
area. Open feeding areas as well as calf pens should 
be provided with similar outlets and lighting circuits. 


LOCATING LIGHTS 


In planning locations for lights in the dairy barn 
consider putting them at all alley crossings as well 
as at stairs, ladders, and chutes. If ceilings are dark, 
it is advisable to use reflectors so light is directed 
downward rather than to the ceiling. 


FHT ee 


LIGHT RAYS 


Fig. 15-8. Reflector lights. In barns and other farm buildings, 
reflector lights direct the light downward where needed. 
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Place the lights where joists, beams and posts 
will not obstruct the light from a fixture. Higher wat- 
tage bulbs are usually advisable especially since the 
lights are used only for a short time. Small bulbs 
represent only scant savings, at best. 

Place switches so that lighting can be controlled 
at all entrances to the building. Use three way 
switches. As with house wiring, pilot lights are ad- 
visable when switches control lights that cannot be 
seen from the switch location. 

The milkhouse or milking parlor, if there is one, 
would have similar lighting and receptacle ar- 
rangements as the dairy barn. Again, lighting should 
be plentiful and outlets mounted high enough to 
avoid damage. Special branch circuits will be re- 
quired where the facility includes bulk tank storage, 
and/or motors for running vacuum pumps for milk- 
ing machines. 


Fig. 15-10. Weatherproof switch. 


OTHER OUTBUILDINGS 


These areas should have more than the minimum 
in lighting and receptacle provisions. Lights should 
be spaced 10 ft. or less apart and outlets every 
8 to 10 ft. 

The foregoing is merely a general plan for lighting 
and outlets. These buildings will each require addi- 
tional circuits for specific loads. Thus, each 
building’s electrical need must be computed careful- 
ly to help determine the total farm load. 


Fig. 15-9. Lightning arrestor. 


POULTRY HOUSE 


The poultry house must be well electrified. While 
the electrical demand for this building will be much 
less than that of the barn, wiring must be adequate 
to serve the functions of the building: 

1. Egg laying. 

2. Brooder or heat lamps. 
3. Feed conveyors. 

4. Water warmers. 

5. Egg cleaners, etc. 

Lighting should be plentiful. One light for every 
150 sq. ft. of floor area is suitable. Wall-switched 
lights are advisable. Timer switches to increase egg 
production should be a part of the lighting circuits. 

Receptacles should be located every 12 ft. to 15 
ft. along the walls. These should be mounted no 
lower than 5 ft. above the floor. 


HOG BARN, SHEEP HOUSE, HORSE BARN 


To adequately provide electrical power for these 


buildings, follow the general provision outlined for Fig. 15-11. Weatherproof surface-mount outlet boxes and 
the poultry house. covers. (Slater Electric, Inc.) 
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Fig. 15-12. Power ratings of electric motors of different sizes 
(horsepower). These must be known to figure motor’s load de- 
mand on an electrical circuit. 


ON 


COMPUTING FARM POWER REQUIREMENTS 


The farmhouse power requirements are figured 
the same as any residence. The other buildings— 
barns, sheds, and shops— are computed different- 
ly. The farm buildings, having more motors, heating 
devices, and lighting circuits, will generally, require 
as much, if not more, power than the farmhouse. 


The procedure, briefly, for computing such 
demands begins with a list of the buildings. Include 
the farmhouse since it will also be connected to the 
yard pole service drop. The list might appear 
something like this: 

Farmhouse. 

Barn. 

Equipment/tool shed. 
Poultry house. 

Hog house. 


BARN ELECTRICAL REQUIREMENTS 


Now, start with the barn. It probably will have 
the greatest electrical demand. List the number of 
lighting circuits, special appliances, motors, etc., 
that it will need. For example: 

15 lighting circuits 120 V/15 A or 20 A. 

6 motors @ 1/2, 1, 2, 4, 4, 4, hp., etc. 

1 water heater. 

1 sterilizer. 

Next, determine volt-amperage requirements. A 
good rule of thumb for general lighting circuits 


FARM BUILDING LOADS SUMMARY (Excluding Farmhouse) 


SPECIAL EQUIPMENT — OTHER THAN 


FARM BUILDING 


LIGHTING AND RECEPTACLES 


AVERAGE 


CONNECTED 
LOAD 


Main barn (dairy barn) including 
silos, 
haymows, feeding pens, stanchion 


area and calf pens 


milkhouse milking parlor, 


Poultry house including egg pack- 
ing and feed storage areas 


Hog barn 


Horse barn 


Sheep barn 


Machinery shed, includes storage 
and repair areas 


Garage Too! shed may be 
separate or as one 


Fig. 15-13. Chart like this is helpful in figuring electrical loads for the farm. 


Gutter cleaners, milking machine pumps compressor 
motor, refrigeration, water heater(s), silo unloaders, feed 
conveyors, material movers, heat lamps, calf brooders, 
circulating fans, water pumps 


Feed conveyor, candling equipment, chick 
brooders, egg washers, water heater, fans 


Hog brooders, water heater, fan, feed 
conveyor 


Water heater, fan 


Feed conveyor, water heater, fan 


Compressor, heater units, welding equip- 
ment, lathe, hoists, lifts, water heater, gas 
pump, water pump 


Compressor, heating, welder, table saws, 
drill stands, battery charger, water heater 
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79 kVA+ 


18 kVA 


10 kVA 


8 kVA 


8 kVA 


20 kVA 


12 kVA 


Farm Wiring 


is about 400 VA each. For motors, see Chapter 22. 
For heaters, sterilizers, etc., use nameplate 
ratings stamped on the equipment housing. Also, 
consult Chapter 13 on appliances and various tables 
under Article 430 of the Code. See Fig. 15-12. 
Add up the total power needed by the building: 


lighting circuits = 6000 VA 
*motors, total x .50 = 8600 VA 
heater = 5000 VA 
sterilizer = 7000 VA 
total = 26,600 VA 

or 26.6 kVA. 


The same procedure is followed for each of the 
other farm buildings. (The house is not included. It 
must be figured separately using requirements 
covered in Chapter 10.) Add up totals. The figures 
may look something like this: 


farmhouse = 25.6 kVA 
barn = 26.6 kVA 
equip./tool shed = 7.5 kVa 
poultry house = 6.3 kVA 
hog house = 3.0 kVA 
total farm power needed = 69 kVA 


This total, 69 kVA, is called the CONNECTED 
LOAD. It represents the power that would be 
needed if everything was operating at one time. 

A more conservative figure called the DEMAND 
LOAD, represents the amount of power which 
would most probably be needed at any given time. 
Generally, the minimum demand load is considered 
to be about 35 percent of the connected load. 
Based on this figure, the wire sizes and over-current 
protection at the yard pole are determined. In our 
example, 69 kVA x .35 = 24.15 kVA 
(24,150 VA). At 240 V, we arrive at 100 A as our 
current needed for the farm. Consider also, the 


* ; : ; : 
The 50 percent factor may be used when not all motors will be operating at any given time. 


future growth and increased power conditions. 
Thus, sizes of service conductors should be AT 
LEAST one size larger. In this case, No. 4 AWG 
would be minimum, but a wiser choice would be 
No. 2 or No. 1. Without a doubt, this would be a 
very small farm. 

The wire sizes for the feeders interconnecting the 
various buildings to the yard pole should be deter- 
mined by using this same methods. 

Although there are no magic amperage ratings for 
specific farm buildings, Fig. 15-13 may serve as a 
general guide for average farm structures equipped 
with typical devices. 

Code requirements for wiring methods used in 
agricultural buildings are detailed in Article 547. You 
should be familiar with these requirements before 
attempting farm wiring. 


REVIEW QUESTIONS — CHAPTER 15 


1. Generally, the farm service drop ends at a cen- 
trally located distribution point called the 


2. List three common farm buildings, other than the 
farmhouse, which require electrical service 
equipment. 

3. Most up-to-date farms require a 
ampere service as a minimum. 

4. Indicate which of the following wiring systems 
is recommended for farm buildings: 

a. Metal conduit. 

b. Nonmetallic conduit (PVC). 
c. BX or armored cable. 

d. Flexible metal conduit. 

e. Any of the above. 

5. As arule of thumb, the general lighting power 
factor is about watts/circuit. 
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Mobile Home 
Wiring 


Ee rae ; DEFINITIONS 
Information in this chapter will enable you to: 

e Demonstrate familiarity with NEC re- The Code also defines certain terms which ap- 
quirements for mobile home electric service ply specifically to the installation of electrical service 
and wiring. : _ for mobile homes. These terms are used in the 

e Compute loads for mobile home circuits. chapter and should be thoroughly understood. They 

e Define terms applying specifically to mobile include: 
home electrical systems. 1. Distribution panelboard. This is an assembly 

that includes busbars, automatic overcurrent 

NEC requirements (Article 550) apply to all mobile devices, and, sometimes, switches. The devices 

homes. It does not matter whether the unit is located are enclosed in a cabinet or cutout box attached 
in a mobile home park or on a private lot, or for that to an interior wall of the mobile home, Fig. 16-2. 
matter, on a permanent foundation. See Fig. 16-1. 2. Feeder assembly. These are the conductors with 
Mobile home is defined in Section 550.2. their fittings and equipment, which carry elec- 


Fig. 16-1. Typical mobile home electrical installation. A—Pad transformer. B—Pedestal for 100-ampere service. 
C— Main disconnect in pedestal. D—Under chassis feeder assembly is protected by conduit. 
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means, Overcurrent protective devices, and 
receptacles or other arrangements, for connect- 
ing the supply end of a mobile home feeder 
assembly. The meter may be regarded as part 
of the service equipment. 


DISTRIBUTION PANELBOARD 


The distribution panelboard corresponds to the 
service electrical panel in a permanent structure. It 


ae. > A 
— a a TA 
A VIA cT IA 
g- e IA ` 
N , aw aa 
PEZ 
i TRIPLEX SERVICE DROP 
FROM UTILITY COMPANY 

| METER 
i 21-36 1/2 

30 FT. ib _—— END-TO-END 

SERVICE DISTRIBUTION 
À J EQUIPMENT PANELBOARD ra 


Fig. 16-2. NE Code requires that distribution panelboard be , 
securely mounted inside the mobile home. Lo ——— 


i TIE - = 5 Ty" 7 r aay, > 5 yn 
l 
i | MOBILE HOME CONDUIT 
. . . POWER CABLE 
trical current from the mobile home service 2 ASSEMBLY 


equipment to the distribution panelboard, Fig. = 
16-3. One of the conductors in the assembly A 
must be a green colored, insulated, grounding 
conductor. This assembly may feed from 
overhead, from under the chassis, or it may be 
a power supply cord ‘‘approved for mobile home 
use.” 

3. Mobile home service equipment. All of the — 


equipment, including a main disconnecting 
120 V 


240 V 
CIRCUITS 


B 


Fig. 16-4. One common hookup for 40 A or 50 A mobile 
homes uses the power cord. One end of the cord is perma- 
nently wired into the distribution panelboard in the mobile unit. 
Fig. 16-3. A single power cord with a molded plug meets NE Other end will plug into 120/240 V grounding type receptacle. 
Code requirements for a mobile home when the electrical! load A-Sketch of complete hookup. B-A power panel designed to 


does not exceed 50 amperes. There must be four conductors, supply two mobile homes with 50 A circuit to each. A 20 A 
all insulated. circuit is also available for other purposes, protected by a GFCI. 
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must be securely fastened to a structural member 
of the home either directly or by using a substan- 
tial brace. It receives its power supply through the 
feeder assembly. The electrician will rarely be called 
upon to install a mobile home distribution 
panelboard since it is almost always supplied by the 
manufacturer of the mobile home. 


FEEDER ASSEMBLY 


The feeder assembly must have four conductors. 
Three must be insulated circuit conductors (two 
ungrounded and one grounded). The fourth is the 
insulated green grounding conductor. Depending 
primarily upon the calculated electrical load of the 
mobile home and any additional requests of the 
owner, the electrical feed can be supplied by any 
of three different ways: 

1. A mobile home power supply cord. This is permit- 
ted if the load is 50 ampere or less. However, if the 
mobile home has factory-equipped gas or oil heat- 
ing and cooking equipment, a 40 ampere cord is 
permitted. Fig. 16-4 shows a typical installation. 

The cord, which must always be approved and 
labeled for mobile home use, must be no short- 
er than 21 ft. and no longer than 36 1/2 ft. from 
end to end. The plug must be of the molded type. 
The opposite end of the cord must be perma- 
nently attached to the distribution panelboard in 
the mobile home. A clamp should be provided at 
the panelboard knockout to prevent strain on the 
cord from damaging the cord or its connections 
to the terminals, Fig. 16-5. Only one cord per 
mobile home unit is permitted. See Code 
Section 550.10(D). 


PANELBOARD 


CONDUCTORS 


CABLE 


ea 


Fig. 16-5. When a feeder cord is used to supply electricity to 

mobile home a clamp must be provided at the panelboard 

knockout to prevent strain on the cord connections inside the 
cabinet. 


CLAMP 


TRIPLEX SERVICE DROPS 
FROM UTILITY COMPANY 


CONDUIT 


METER 


DISTRIBUTION 
PANELBOARD 


SERVICE 


EIEE ITED 


= 4-CONDUCTORS 
POWER FEED: 
2-UNGROUNDED 
1-GROUNDED NEUTRAL 
1-GROUNDING CONDUCTOR 


Fig. 16-6. Overhead feeder hookup. Mast and weatherhead 

can be attached to the mobile home, but main disconnect, 

meter and breakers are to be located on pole no more than 
30 ft. away. 


TRIPLEX SERVICE DROP 
FROM UTILITY COMPANY 


Soa 
: P EDRI 
Is OA a A 
b 
CONDUIT 
OR 
SE CABLE 
METER 
IB DISTRIBUTION 
H | 
SERVICE 
J EQUIPMENT CONDUIT E 
GROUND 
CO Dm 
CONDUIT TO n — 
Eo ai 
I FITTING 
= ll 4-CONDUCTOR OR CABLE ASSEMBLY 


Fig. 16-7. Underground feeder hookup for mobile home is also 

permitted for permanent installation. This illustration shows 

cable being used; however, metallic or nonmetallic (PVC) con- 
duit protection can be used as well. 


2. An overhead installation consisting of a mast 
and a weatherhead. This type is for permanent 
installations or where the load exceeds 50 
ampere, Fig. 16-6. 


3. An underground lateral service using cable or 


conduit. This is an alternative to an overhead 
permanent installation. It is probably the most 
common method used. See Figs. 16-7 and 
16-8. 
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MOBILE HOME SERVICE EQUIPMENT 


Service equipment should not be mounted on the 
mobile home, itself. The Code requires that it be with- 
in sight and located a specific distance from the 
unit—usually 20 but not more than 30 ft. away. It must 
be supported by a pole or a pedestal arrangement. 
Sometimes the main disconnect, breaker, and meter 
are mounted together. In other cases, the meter is 
mounted on a pole and the overcurrent protective de- 
vices are on a pedestal. 


OVERHEAD INSTALLATION 


The mast and weatherhead installation must have 
four continuous conductors which are color coded. 
One of the conductors must be an equipment ground. 


Refer to Article 230 of the Code for the kinds and sizes. 


of conductors to be used. See also Article 550.10. 


SERVICE LATERAL 


For a lateral installation, the mobile home must be 
fitted with a metal or rigid nonmetal raceway which 
connects to the distribution panel inside the unit and 
extends to the underside of the chassis. The raceway 
must have provision for attaching a junction box. 

The manufacturer may or may not have provided the 
raceway with conductors. Refer to NEC, Section 
550.10(B). 

The electric utility company usually installs the 
necessary service drop and transformer. The 
customer must supply the service pole and com- 
ponents as well as the meter pedestal (for 
underground supply). Both pole and pedestal are 
permanent installations. The pedestal must be 


TO SERVICE 
EQUIPMENT PANEL 


RIGID METAL CONDUIT 4g” 
OR IMC 


24" 


PVC 


CABLE ASSEMBLY 


Fig. 16-8. Depths are prescribed for direct buried cable and 
conduit. 


rigidly mounted so that it cannot be easily knocked 
over. Fig. 16-9 is a sketch that shows a pedestal 
arrangement. 


DEVICES AND OUTLETS 


The various electrical devices and equipment are 
almost always installed by the manufacturer and 
must meet minimum NEC requirements. These are 
then checked by the electrician and the electrical 
inspector for proper polarity and grounding. 


SERVICE 
EQUIPMENT 


FINAL 
GRADE 


24” MIN. 


PEDESTAL 


30” MINIMUM 


CABLE OR CONDUIT 
TO MOBILE HOME 


Fig. 16-9. A pedestal arrangement for supporting the service 
equipment. 


DISTRIBUTION PANEL HOOKUP 


The distribution panel, along with a main breaker 
for branch circuit disconnect purposes, is usually 
installed by the manufacturer. To connect the 
power-supply feeder assembly to this panel, careful- 
ly study Fig. 16-10. 

Note, particularly, that the neutral conductor is 
completely /nsulated and isolated from the groun- 
ding conductor as well as the equipment enclosure. 
In addition, the mobile home chassis must be 
securely bonded to the grounding bus or grounding 
conductor, as must all metal, non-current-carrying 
equipment inside the mobile home. This grounding 
continuity is essential and will be checked by the 
inspector. 
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CALCULATING PANELBOARD LOAD 


The distribution panel load of the mobile home 
is computed somewhat like a standard residential 
load, with some minor differences. 

Lighting and small appliances requirements are 
determined similarly to other one or two-family 
residences. The 3 volt-ampere per square foot rule 
is used plus the two small appliance and one laun- 
dry circuit consideration. To this, is added: 

1. Nameplate ratings for motors. 

2. Loads for heater, garbage disposal, dishwasher, 
water heater, clothes dryer, wall-mounted oven, 
cooking units and the like. 

Free-standing ranges, unlike wall-mounted ovens 
or cooking tops, are rated at 80 percent of their volt- 
amperage up to 10,000 VA. Beyond that, figure 
8000 VA for those loads between 10,000 and 
12,500. Add 400 VA for every 1000 VA increase 
above 12,500. The smaller of the heating and cool- 
ing loads can be omitted from the load calculation. 

For example, find the total electrical load for a 65 
by 12 ft. mobile home. It has two small appliance 
circuits, a laundry circuit, a 2500 VA space heater, 
a 100 VA fan, a 500 VA dishwasher, an 800 VA 
air-conditioner, 8000 VA range, and a 5 kVA water 
heater. 

Find the general lighting and small appliance load 
as follows: 

Area = 65 x 12 = 780 x 3 VA/saq. ft. 


= 2340 VA 
2 small appliance circuits at 1500 VA 

= 3000 VA 
1 laundry circuit = 1500 VA 

6840 VA 

First 3000 VA at 100% = 3000 VA 
Remainder (3840), x 35% 

= 1344 VA 
Net Lighting and small appliance= 4344 

+ 240V 

= 18.10A 


2500 VA space heater + 240 = 10.42 A 
100 VA fan + 120 = 83 A 
500 VA dishwasher + 120 = 4.17A 
Omit air conditioner (only heating or air condition- 
ing is computed, whichever is larger) 
8000 VA range + 240 x 80%= 26.67A 
5000 VA water heater + 240 x 100% 

= 20.83 A 


Total load is about 81 A. Therefore, a 100A ser- 
vice is needed. This is considered the minimum for 
a mobile home. 


MOBILE HOME PARKS 


The NEC, in Article 550, outlines the various 
requirements for mobile home parks. The general 


BOND 
GROUNDING 
BUS TO 
ENCLOSURE. 
ALSO, BOND 
TO MOBILE 
o d HOME 
ISOLATED 
i) 
NEUTRAL a E k 
BUS 
[o] [e] 
(2) (e) 
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ie] J 
o : GROUNDING 
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LOCKNUT 
INSULATED 
INSULATED GROUNDING WIRE 
NEUTRAL (GREEN) 
GROUNDED 
CIRCUIT CONDUCTOR 
AATE) BUSHING 
(BOND TO PANEL) 
CONDUIT 


Fig. 16-10. Proper connections at the mobile home’s distribu- 
tion panelboard are crucial to the equipment grounding. It is 
not permissible to connect the frame of the mobile home or 
any appliance frame to the grounded (neutral) circuit conductor. 


demand factors to be considered are shown in 
Fig. 16-11. 

The application of these demand factors may best 
be illustrated through the use of an example: If a 
particular mobile home park is to accommodate 25 
mobile homes, we would use the demand factor of 


DEMAND FACTORS FOR FEEDERS 
AND SERVICE ENTRANCE CONDUCTORS 


Mobile Homes (Percent) 


41-60 | 26 
| 6tandover | 22 | 


Size of service needed for a mobile home park 
can be based on this chart. 


oa 
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23 
22 


Fig. 16-11. 
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24 percent. This is minimum. For example: 


240 V 


In addition to this load consideration, the electrical 
requirements of common park facilities and equip- 
ment (such as security lighting) must be added onto 
the overall total service demand. Refer also to the 
National Electrical Code, Article 550.30. 


REVIEW QUESTIONS — CHAPTER 16 


1. List two factors which distinguish mobile homes 
from ordinary one or two-family residences. 


2: 


For mobile homes, the service equipment (main 

disconnect and meter) must be placed: 

a. On the mobile home. 

b. In the mobile home. 

c. On a pole or pedestal separated from the 
mobile home. 

d. At any of the places indicated above. 


. Mobile home power cords must be no less than 


and no more than _____ ft. long. 
The grounded neutral conductor must be 
and from the grounding con- 


ductor within the mobile home distribution panel. 
. The lighting load of a mobile home is based upon 
the — volt-amperes/sq. ft. rule. 

The minimum service rating of a 20-unit mobile 
home park would be A. 


Typical electrical service serving six mobile homes in a mobile home park. Meters and service equipment are securely 
mounted on a power pole. 
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MOBILE HOME DISTRIBUTION PANELBOARD 


SERVICE EQUIPMENT 
IS TO BE ACCESSIBLE 
AND NOT MORE 


THAN 30’ AWAY INSULATED NEUTRAL 


DO NOT BOND TO PANEL 


GROUNDING BAR 
BOND TO ENCLOSURE 
AND MOBILE HOME FRAME 


GROUNDING CONDUCTOR, 
NEUTRAL & ENCLOSURE 


BONDED 
PVC OR METAL 
CONDUIT 
IF METAL, USE 
t METER SOCKET l 
GROUNDING LOCKNUT 
GROUNDING CONDUCTOR | la AT PANEL 


SERVICE DISCONNECT 


-p PET SS SS SS 
_— æ ow am oe m 


METER ENCLOSURE 


1 


GROUNDING ELECTRODES 


BLOCK SUPPORTS 


BUSHING REQUIRED 


a s 
METAL CONDUIT 
USE GROUNDING 24" 
BUSHING OR MIN. 4 INSULATED UNDERGROUND 
LOCKNUT APPROVED CONDUCTORS: 
\ u — 9) HOI 
n o j 1 NEUTRAL 
v 


1 GROUNDING 


SERVICE 
LATERAL PLASTIC BUSHINGS E 
ARTICLE 550 


Typical mobile home hookup shows proper Code hookup both at meter socket and mobile home distribution panelboard. 
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Low-voltage circuits are chiefly a way of control- 
ling devices that will work on higher voltage. In such 
cases it is called remote control wiring. Low-voltage 
circuits operate at voltages much lower than 120 V. 
The systems are easy to install. 


BASIC REMOTE-CONTROL OPERATION 


In a remote control wiring system, pressing of a 
switch at one point can operate a switch at a sec- 
ond distant point. The motion or force needed to 
activate the second switch is provided by a relay. 
A relay is nothing more than a small electromagnet. 
It is wired into a point along the circuit. As long as 
there is no current in the circuit, the relay has no 
magnetic properties. However, if a current is in- 
troduced in the circuit, the relay becomes a small 
magnet. The current must flow only enough to let 
the relay operate a switch. See Fig. 17-1. 

Since the second switch will stay on once it is 
activated, the current flow through the remote, low- 
voltage circuit is needed only for a brief moment. 
A normally-off, rocker switch is all that is needed 
to energize the remote control circuit. 

When the rocker switch is pressed, low-voltage 
current flows through the coil surrounding the iron 
core of the relay. The core becomes magnetized and 
attracts the metal in the switch the relay is control- 
ling. The rocker switch moves to the on position 
and current begins to flow through that circuit. 

The first part of the remote circuit is only capable 
of turning the switch on. A second part of the cir- 
cuit must be used to turn the switch off again. Fig. 
17-2 shows a simplified arrangement of a complete 
remote control circuit capable of on-off switching 
operations. 

The foregoing is a simiplified example of a relay 
in action. Actual design of the relay is much more 
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Low-Voltage 
Circuits 


SOLENOID 


ROCKER 
SWITCH 


SWITCH 


SOURCE TRANSFORMER 


120 V 


mODCOW 


LOAD 


Fig. 17-1. The job of a remote control, low-voltage circuit is 

simply to open or close a switch to start current flow in a higher 

voltage circuit. Only the part of the circuit which turns the 
switch on is shown. 


SOLENOID 


TO 120 V 
SOURCE 


ROCKER 
SWITCHES 


TRANSFORMER 


Fig. 17-2. A complete low-voltage circuit which will turn a 
switch on or off to control a 120 V circuit which has a light 
in it. In the actual design, the same housing encloses both the 
relay mechanism and the 120 V switch. Refer to Fig. 17-5. 
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sophisticated. The principle is the same, however. 
An electromagnet is energized when a pushbutton 
is pressed. It attracts a switch which is activated 
causing current to flow or to stop flowing. 

A relay has two basic parts. One is the elec- 
tromagnet which is operated by low voltage cur- 
rent. The other part is the switch which controls 
120 V current. 

Low-voltage circuits can be used to perform 
various functions around a residence. Their design 
will vary somewhat depending on what they are re- 
quired to do. 


TYPES OF LOW-VOLTAGE CIRCUITS 


All the circuits covered in this chapter are alike in 
that they operate at voltages less than conventional or 
standard power circuits. Included are: 

1. Remote control circuits, which control other cir- 
cuits or parts of circuits through devices such as 
relays. NEC classifies these as Class 1 circuits. 

2. Signaling circuits, which energize devices 
specifically designed to give visual or audible 
signals. They are classified by NEC as Class 1 
circuits. 

3. Low-voltage circuits, which usually operate at 
30 V or less. Low-voltage switching, controlled 
by relay devices, is considered the same as 
remote control. 

4. Power-limited circuits, which have current and 
voltage limitations in accordance with the NEC. 
Section 725.41 of the Code outlines the power 
regulations. These circuits are classified as 
Class 2 and Class 3. 


APPLICATION 


These circuits are used for many special pur- 
poses, including the following: 
1. Remote control (relay switching) and 
voltage. 
a. Motor-load circuits. 
b. Lighting systems. 
c. Heating systems. 
2. Signaling. 
Chimes. 
Buzzers. 
Bells. 
Intercom systems. 
Burglar alarms. 
Smoke detectors. 
g. Fire alarms. 
3. Power-limited circuits (Classes 2 and 3). 
a. Circuits operating at 30 to 150 V. 
b. Intercom systems. 
c. Electric door opener circuits. 
d. Battery-operated annunciator (bell or buzzer) 
systems. 


low- 


oan 


LOW-VOLTAGE WIRING ADVANTAGES 


Remote control, low-voltage switching systems 
have certain advantages: 
Ease of installation. 
Less possibility of shock hazard. 
More flexibility in control of lighting. 
Lower installation costs. 
Lower maintenance costs. 
Low operating costs. 
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LOW-VOLTAGE CABLE AND DEVICES 


A low-voltage switching system operates at 24 
volts of alternating current. There is little or no 
shock hazard from operating these low-voltage 
devices. In addition, the circuit is made up of less 
expensive 18 AWG two, three, and four wire cable. 
This size can easily handle the load, Fig. 17-3. Cable 
with 19 or 26 conductors is also available. Such 
cable is used for making runs to master control 
switches or motor master control units. Some cable 
is designed for indoor use, other for outdoor use in 
any kind of climate or weather. 


B 


Fig. 17-3. Two styles of No. 18 low-voltage cable. A—Flat 
three-conductor cable. B— Standard three-conductor cable. 
(General Electric Co.) 


TRANSFORMERS 


The heart of the remote control switching system 
is the step-down transformer. One transformer 
usually supplies voltage for the entire system. The 
transformer reduces the 120 V supply to a nominal 
24 V on the remote control side. A transformer such 
as the one shown in Fig. 17-4 may supply voltage 
to 30 or more relays at the same time. 


RELAYS 


The relay, shown in Fig. 17-5, is essentially a 
solenoid. It controls the 120 V lighting circuit by 
opening and closing points or contacts. See circuit 
diagramed in Fig. 17-6. 
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Fig. 17-4. The transformer is the heart of the remote control 
switching system. It converts 120 V voltage to 24 volts. 
(Acme Electric Corp.) 
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Fig. 17-5. The relay device combines the solenoid of the 24 
V system and the switch of the 120 V system. 
(General Electric Co.) 
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PLUNGER 
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Fig. 17-6. The inside of a relay. It is actually a double-acting 

electromagnetic coil. The iron core can move in either direc- 

tion to open or close the load side of the switching circuit. 

Motion in one direction closes the contact points. Opposite 
movement opens them. 
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Fig. 17-7. The relay installed in an outlet box. Note the prop- 
er conductor connections inside the box. Red and black wires 
run between the relay and the low-voltage switch. 


The relay is usually installed in the fixture outlet 
box. The power operating the relay comes from the 
24 V side of the transformer. The black leads are 
terminated in the fixture outlet box. The installation 
and connection of conductors is shown in Fig. 17-7. 
Remember, low-voltage leads are OUTSIDE the box, 
the 120 V leads, inside. Note the proper connec- 
tion of leads to the load. 


LOW-VOLTAGE SWITCH 


The low-voltage switches used in a remote con- 
trol system are single-pole, double-throw types. 


-E $ 


Fig. 17-8. Left. Rocker type low-voltage switch. It activates 

the relay in the low-voltage circuit. Scores of these may be used 

in as many locations to control a light. Right. Typical low- 
voltage switch plate. (General Electric Co.) 
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They are about half the size of those normally used 
in standard switching. They require switch plates 
of special design. Because of their small size and 
low voltage, low-voltage switches can be mounted 
either in standard switch boxes or simply on raised 
plaster rings. A typical low-voltage switch and 
switch plate are shown in Fig. 17-8. Fig. 17-9 is 
a simplified sketch of how the L-V switch works. 

Using low-voltage switches, a light may be con- 
trolled from numerous locations without the three- 
way and four-way types needed in standard wiring 
systems. 


MASTER SWITCH 


A particularly convenient and versatile method of 
employing low-voltage switching, is through the use 
of a master selector switch. See Fig. 17-10. 

The master selector switch can activate or deac- 
tivate all or any of the various low-voltage switches 
at remote locations. By glancing at the pilot light 
indicators you can tell which lights are one and 
which are off. This is of immense benefit in large 
homes and for outdoor security lighting. 

Master selector switches are available with 
motorized timing mechanisms. The timer can ac- 
tivate or deactivate lights at varying intervals. 

Wiring of a master selector switch is a relatively 
simple matter, as illustrated by the schematic 
diagrams of Fig. 17-11 and 17-12. For simplicity, 
only circuit Nos. 1, 2, and 3 are shown. 
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Fig. 17-9. Simple diagram of how a rocker type low-voltage 
switch is arranged to make contact with “on” and “off” 
terminals. 


Fig. 17-10. A master selector switch houses a number of 
remote switches so any or all switches can be activated or 
deactivated from one location. (General Electric Co.) 
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Fig. 17-11. Schematic diagram of the master selector switch. It may be manually operated or motorized. 
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TO 
LINE 


TRANSFORMER 


Fig. 17-12. Routing low-voltage cable between relays and master selector switch. 


INSTALLING REMOTE CONTROL SYSTEMS 


You can think of a low-voltage circuit as a second 


circuit operating with 120 V circuits. It supplies 
switching capabilities to 120 V or 240 V circuits. 
This section of Chapter 17 will show the steps for 
installing devices and cable for a 24 V system. 


le 


Install the 24 V step-down transformer. It can 

be in a central location for the circuits it will 

supply. Less wire will be needed. The 

transformer reduces supply to 24 V. 

a. Attach the transformer to a junction box that 
is supplied with 120 V line power. 

b. Connect line side leads to neutral and hot 
wires on the transformer. Be sure that power 
feed to the circuit is deenergized. 

Install a low-voltage relay at each location where 

remote control is desired. 

a. Remove a knockout in the outlet box where 
a light is to be controlled. 

b. Insert the neck of the relay through the 
knockout. High side (120 V) of the relay 
must be inside the outlet box. 


So 


c. Inside the box, connect white wire from 
source to load. Then connect one black wire 
from relay to black wire from source. 
Connect second black wire from relay to 
black wire to load. 

d. Terminals on the part of the relay outside of 
the box are for connecting low-voltage cable 
to switches and transformers. 

Install low-voltage cable. This cable is very light 

and has little insulation since the voltage is so 

low. The cable can be stapled to surfaces or car- 
ried between the walls with no additional pro- 
tection. Drill holes through studs and joists and 
run cables through them. If strung out-of-doors 

between buildings support the cable on a 

stronger cable called a ‘‘messenger.’’ This will 

reduce stress on the lighter low-voltage cable. 

a. Run cable from the transformer low-voltage 
side to the relay (blue colored conductor). 

b. Run more cable from the relay to each switch 
position (red and black conductors). 

c. For hookup of a master switch refer to the 
schematic in Fig. 17-11 and the layout in 
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TO 
OTHER 


SWITCHES 
SOURCE 


24 V 
OUTPUT 


TRANSFORMER 


SWITCH HOUSING (ENCLOSURE) 


RELAY 


Fig. 17-13. A—Wiring schematic for low-voltage connections of conductors between transformer, relay, and switches. 
B— Sketch shows how to wire up the circuit in “A.” You must run a two-wire cable from switch to transformer and a three- 
wire cable from switch to relay. 


Fig. 17-12. You will need to run a two- 
conductor cable to the master selector 
switch and three-wire cables to the individ- 
ual relays. Fig. 17-13 shows a schematic for 
a much simpler installation involving one 
relay and several switches. 

d. You may find it helpful to prepare a cable 
layout on an electrical plan. Refer to layouts 
described in Chapter 11. 

4. Install the low-voltage switches at locations 
where you previously terminated the cable. The 
switches can be mounted in plaster rings or 
standard boxes, as was noted earlier in the 
chapter. 

5. Make conductor connections to switches. 

6. Activate the system by energizing the circuit 


SLIP RING 


B WHITE 


RED ON RMSS5RL 
BLACK ON RMS5BL 


/ 


RED ON RMS5SRL 
BLACK ON RMS5BL 


BLUE & WHITE 


A ——> 


Fig. 17-14. Internal wiring of motor master control unit. Start- 
ing switch is connected to lead A and white lead B. When start- 
ing switch is activated, contact arm C rotates clockwise con- 
necting white lead to contact points 1 through 25. It picks up 
the slip ring connected to the white lead and moves it through 
one revolution. Lead A may be either red or black. 
(General Electric Co.) 


feeding the transformer. 
Fig. 17-14 shows another circuit schematic for 
a motor master control. 


LOW-VOLTAGE SYMBOLS 


Special symbols will be used on electrical plans 
to indicate low-voltage cable and devices. Refer to 
the chart in Fig. 17-15 for the symbols and what 
they mean. 


L-V CODE RULES 
Low-voltage wiring is not governed by the same 


rules as 120 V wiring. The Code does, however, 
discuss regulations for low-voltage, remote control 


SYMBOL DEVICE 


Low voltage 
wiring 


Transformer 


Relay 
1 = Number of relay 
Rp = Relay/pilot switch 


Standard switch 
Sp = Switch/pilot light 
St = Interchangeable 


Master selector panel 
(Number indicates number 
of positions) 


Motorized master panel 
B = Black for off 
R = Red for on 


Fig. 17-15. Low-voltage symbols. 
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systems under Article 725-Class 1, Class 2, and 
Class 3 Remote-Control Signaling, and Power- 
Limited Circuits. 

NEC sections 725-21 through 725-41, should be 
understood thoroughly before you make any remote 


control or low-voltage installations. Also, as with 
all wiring, check with local code enforcement agen- 
cies, the utility company and the inspector if there 
are questions or problems regarding regulations and 
procedures. See Fig. 17-16. 


Table 11(a). Class 2 and Class 3 Alternating-Current Power Source Limitations 


Inherently Limited Power Source 
(Overcurrent Protection Not Required) 


Power Source 


Not Inherently Limited Power Source 
(Overcurrent Protection Required) 


Class 3 


Source voltage Over 20 and Over 30 and Over 30 and Over 20 and Over 30 and Over 100 and 
Vinax (volts) through 30* through 150 through 100 through 30* through 100 through 150 
(see Note 1) 

Power limitations N.A. 

VAmax (volt-amperes) 

(see Note 1) 

Current limitations 0.005 150/Venax 1000/Vinax 1000/Vinax 1000/Vinax 1.0 

Imax (amperes) 

(see Note 1) 

Maximum overcurrent 5.0 100/Vinax 100/Vinax 1.0 
protection (amperes) 

Power source VA (volt- 5O Vn 0.005 x Vinax } max 100 
maximum amperes) 

nameplate 

rating 100/Vinax 


Current 5.0 100/Vinas 0.005 100/Vinax 5.0 100/Vinax 100/V max 
(amperes) 


*Voltage ranges shown are for sinusoidal ac in indoor locations or where wet contact is not likely to occur. 


For nonsinusoidal or wet contact conditions, see Note 2. 


Table 11(b). Class 2 and Class 3 Direct-Current Power Source Limitations 


Inherently Limited Power Source 
(Overcurrent Protection Not Required) 


Power Source Class 2 


Not Inherently Limited Power Source 
(Overcurrent Protection Required) 


Class 3 


Source voltage Over 20 and Over 30 and Over 60 and Over 60 and | Othrough 20* | Over 20 and Over 60 and Over 100 and 
Vinax (volts) through 30* through 60* through 150 through 100 through 60* through 100 through 150 
(see Note ]) 

Power limitations 250 250 250 N.A. 

VA max (volt-amperes) (see Note 3) 

(see Note 1) 

Current limitations 150/V max 0.005 1 50/Vmax 1000/V max 1000/Vinax 1000/Vinax 1.0 

Imax (amperes) 

(see Note 1) 

Maximum overcurrent 5.0 100/V max 100/Vinax 1.0 
Protection (amperes) 

Power source VA (volt- 5.0 x 0.005 x Vina 5.0 X Vinax 100 
maximum amperes) Vina 

nameplate 

rating : 100/V nax 


*Voltage ranges shown are for continuous dc in indoor locations or where wet contact is not li 


Current 5.0 100/V max 100/V max 0.005 100/V max 5.0 100/V imax 100/Viniax 
(amperes) 


kely to occur. For interrupted de or wet contact conditions, see Note 4. 


Fig. 17-16. Check power limitation charts before making low-voltage installations. (Continued on next page) 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, Copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This 


reprinted material is not the complete and official position of the National Fire Protection 
in its entirety. 
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Table 12(a). PLFA Alternating-Current Power Source Limitations 


Inherently Limited Power Source Not Inherently Limited Power Source 
Power Source (Overcurrent Protection Not Required) (Overcurrent Protection Required) 
Circuit voltage 0 through 20 Over 20 and Over 30 and O through 20 Over 20 and Over 100 and 
Vinax (volts) through 30 through 100 through 100 through 150 
(see Note 1) 


Power limitations 
VAmax (volt-amperes) 
(see Note |) 


Current limitations l 50/V max 1000/Vinax ] 000/V nax 1.0 
[max (amperes) 
(see Note 1) 


250 250 N.A. 
(see Note 2) 


Maximum overcurrent 


5.0 100/V nax 1.0 
protection (amperes) 
Power source VA (volt- SOX Van 50X Vna 100 
maximum ainperes) 
nameplate 
ratings Current 100/V max 100/V max 5.0 100/V max 100/V inar 
(amperes) 


Notes for Tables }2(a) and 12(b) a nonpower-limited transformer or a stored energy source, e.g., storage battery. 
1. Vmax Zma and VAmax are determined as follows. to limit the output current, /max limits apply after 5 seconds. 
Vmax: Maximum output voltage regardless of load with rated input applied. VAmax: Maximum volt-ampere output after | minute of operation regardless of 
‘max: Maximum output current under any noncapacitive load, including short load and overcurrent protection bypassed if used. Current limiting impedance 
circuit, and with overcurrent protection bypassed if used. Where a transformer shall not be bypassed when determining /max and VAmax- 
limits the output current, /max limits apply after 1 minute of operation. Where a 2. If the power source is a transformer, VAmax is 350 or less when Vmax iS 15 or 


current-limiting impedance, listed for the purpose, is used in combination with less. 


Fig. 17-16. Continued 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, Copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This 
reprinted material is not the complete and official position of the National Fire Protection Association on the referenced subject, which is represented only by the standard 


in its entirety. 
REVIEW QUESTIONS — CHAPTER 17 —— Or more relays. 
4. The relay is installed at each lighting outlet, with 
List three major components of a low-voltage the low-voltage leads (inside, outside) the junc- 
switching system. tion box. 


Low-voltage switching systems operate at 5. Low-voltage switching systems are installed us- 


volts. ing No. AWG conductors. 
3. One transformer is capable of serving about 6. Complete the following diagram: 


120 V SUPPLY 


W B 


R 
wW 
©; ; 
FIXTURE RELAY SWITCH 
BL wW 
TRANSFORMER 
B w 
120 V 
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Updating and extending existing wiring systems 
should only be undertaken with careful planning and 


attention to the layout. Familiarity with the 
building’s construction is equally important. This 
chapter will describe the procedures which seem 
to work best. 


BASIC CONSIDERATIONS 


Remodeling or modernizing an electrical installa- 
tion falls under the category known as old work. 
It is, perhaps, the most difficult kind of wiring to 
do. Considerable time, effort, and special tech- 
niques are needed to bring about a satisfying result. 

Portions of finished walls or ceilings may have to 
be removed or altered during a rewiring job. Wires 
must often be ’’fished’’ or pulled through blind wall, 
floor, ceiling, or attic spaces to get from one place 
to another. 

Great care must be used in routing wire cables 
through walls and similar spaces so as not to 
damage them. Also, special effort has to be taken 
to insure the continuity and integrity of the ground- 
ing conductor when extending or adding to an ex- 
isting system. The grounding conductor must be 
continuous from the service panel to all outlets. 

There are no set rules concerning the procedures 
to follow for old work. There is no substitute for 
experience. However, some basic steps will help 
you resolve certain difficulties. 


SAFETY 


When remodeling wiring, follow the same safe- 
ty rules outlined in Chapter 5. Never work on cir- 
cuits which are electrically ’’hot.’’ Turn off the 
power to the device or circuit on which you are 
working. If in doubt whether power is off, test with 
a neon tester. 
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Plan a safe installation. Check local codes for your 
own protection. Use fuses or circuit breakers rated 
for the amperage in the circuit. Fire or damage to 
the wiring can result from improper overcurrent 
ratings. 

Never touch electrical fixtures when you are wet, 
standing in water, or on a wet surface. 

Use tools with insulated handles. Current is less 
likely to pass through insulating materials and cause 
shock. 


SPECIAL TOOLS 


Certain special tools are needed for old work: 

1. Chisels and crowbars are needed to pry up floor- 
boards, see Fig. 18-1. 

2. A keyhole saw is used to cut through floor 
boards and wall materials, Fig. 18-2. 

3. Extension drill bits are necessary to drill deep 
holes through walls, floors, and beams. The 
length of these bits may be extended through 
the use of steel shanks with special ends to at- 
tach to other steel shanks of similar construc- 
tion. For example, a simple 2 in. brace bit can 


f SOLID STEEL WITH ENAMEL FINISH/POLISHED BIT 


Sa 


WOOD CHISEL 


Fig. 18-1. Chisels and crowbars are useful for cutting into and 
prying up floorboards. This allows access to old wiring or to 
space where new wiring must be placed. 
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KEYHOLE 


Fig. 18-2. Keyhole saw is designed for use in tight openings. 

It is used to cut openings into ceilings and walls where new 

outlets must be installed. It may also be used to cut flooring. 
(GE Wiring Devices Dept.) 


WOOD TWIST BIT 


AAS 


AUGER BIT 


EXTENSION 


SPADE BIT 


RATCHET 
BRACE 


Fig. 18-3. Drills and brace. Extension bits are essential in bor- 
ing from one floor to the next or through thick beams. 


be extended to lengths of 20 ft. or more using 
this method. All this may be necessary to bore 
a hole continuously through the first and second 
floor of a structure, Fig. 18-3. 

4. A wire snake or fish tape pulls wires through 
bored holes and wall spaces, Fig. 18-4. 


FISH TAPE 


Fig. 18-4. Old work requiring running of cable through walls 
is impossible to do without fish tape for pulling the cable. 
(GE Wiring Devices Dept.) 


Fig. 18-5. Special old-work boxes like this one have expan- 
sion devices which grip the wall. Turning the screws on either 
side will draw a flange against the back side of the wall. 
(Raco, Inc.) 


MATERIALS 


The materials used in old work are essentially the 
same as those used in new work. However, there 
are special boxes, box hangers, and extenders made 
to ease installation. See Figs. 18-5 and 18-6. 


ADAPTER 


C 


Fig. 18-6. Other devices for adapting and holding boxes in old work. A—Snap-in bracket. B— Metal 


support for standard electrical box. C — Adapter brings old box flush to new wall surface. 


(Raco, Inc.) 
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Conduit is out of the question. Installation would 
be virtually impossible without removing large sec- 
tions of finished walls. Therefore, nonmetallic 
sheathed cable, Greenfield, or armored cable (BX) 
are used. These are more readily fished through 
walls and floors. 


BUILDING CONSTRUCTION 


The type of building will often dictate the tools 
and materials used. Walls may be constructed of 
sheetrock (drywall), wallboard, plaster on lathe, 
brick, or concrete blocks. The type of surface will 
make enormous differences in the wiring method 
used. i 


WALL OPENINGS 


Wall openings for switch boxes and outlet boxes, 


as well as for wire-pulling, should be carefully cut. 
This cannot be overemphasized, especially where 
the wall is plaster on lathe. A switch box opening 
can easily balloon into a nightmare without careful 
tracing and cutting. 


Fig. 18-7. The old-work box can be used as a pattern for cut- 
ting the opening. Place the box, open side to wall over the spot 
where the opening is to be cut. Carefully trace around it. Be 
sure that the box is held plumb. 
(Allied Moulded Products, Inc.) 


Using the box, Fig. 18-7, or a template like the 
one shown in Fig. 18-8, trace the box shape on the 
wall where new boxes are to be located. Make sure 
that no studs are present at that location. Use a stud 
finder or tap with a hammer to locate the stud. The 
half circles at two corners are for drilling holes 
where you can start saw cuts with a keyhole saw. 

Next, drill the holes as indicated in Fig. 18-9. Cut 
out the opening and slip the outlet box in to check 
the fit. Trim as needed to adjust fit. Keep opening 
as small as possible. 

Boring holes for other openings, primarily fishing 
cables, require less skill. However, these, too, must 
be repaired in the end; so, the smaller the opening 
the better. Methods of routing cable through struc- 
tural timbers and walls are shown in Figs. 18-10, 
18-11, 18-12, and 18-13. 


HOLE FOR 


SCREW 


HOLE FOR 
SAW BLADE 


MAKE A TRACING OF THIS 
ON TRANSPARENT PAPER. 
PASTE ONTO A PIECE OF 3 1/4 
CARDBOARD. CUT OUT AND 
USE FOR MARKING WALLS 
FOR SWITCH OR OUTLET 
BOX OPENINGS. 


HOLE FOR 
SAW BLADE 


HOLE FOR 
SCREW 


Fig. 18-8. Actual size template can be cut out of cardboard 
to mark wall openings. 


DRILLING 1/2 IN. HOLES 


A B 


Fig. 18-9. Steps for cutting box openings. A—Drill holes at 
two corners and at holes for screws. B— Working through holes 
saw along all lines. Use a keyhole saw. 

(GE Wiring Devices Dept.) 


INSTALLING CABLE 


Installing cable in old work involves pushing or 
pulling it through wall openings you have prepared. 
Sometimes, this is easily accomplished by hand, at 
other times fish tape must be used to pull the wires 
through. 

For some wire pulling jobs, a length of ordinary 
steel wire can be used. Simply bend a small loop 
into one end. This can be used to attach cable and 
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SOLID WALL 


SOLE PLATE 


Fig. 18-10. When boring for access with fish tape or cable 

keep openings small and as neat as possible. Here a brace and 

bit are used to drill from one level to the next. The opening will 

be large enough to fish cable through it but small enough to 
easily repair. 


ll 


WALLBOARD 


2X4 


SOLE PLATE BASEBOARD 


1ST FLOOR 


BASEMENT 


Fig. 18-11. To go from a basement to a wall on the first floor, 

locate the wall and drill through rough flooring and sole plate 

(2 x 4) which supports the studs. Arrow shows path of fish 
tape. 


Fig. 18-12. Going from a wall location to a ceiling location 
in the same room. Blue arrow shows location and direction of 
drilled hole. 


REMOVE BASEBOARD 
BEFORE DRILLING 


2ND FLOOR 


1ST FLOOR 


Fig. 18-13. Going from a first floor to a second floor. Drilling 
from two locations is required and holes must intersect. 


prevent it from snagging. See Fig. 18-14. When 
completed you have a “homemade” fish tape. 

Commercially sold fish tape comes in reels of 25, 
50, or 100 feet and is essential for conduit work. 
Refer again to Fig. 18-4. 


USING THE FISH TAPE 


Fish tapes, whether home made or purchased, are 

a practical necessity for running cable in old work. 

They are flexible enough to be worked through 

90-degree bends. Yet, they are stiff enough to be 

worked up through narrow openings and between 
walls without buckling. 
To use them: 

1. Feed the tape from top down, if you can. Usual- 
ly, you will need to work the tape from one box 
opening, through the wall or a partition, to a sec- 
ond opening. See Fig. 18-15. 

2. Twist and turn the tape until it enters the hid- 
den opening (such as a hole drilled in a plate). 
Continue to push it unti! it can be seen or felt at 
the second position to which cable must be fed. 

3. If bends prevent a tape from reaching the sec- 
ond opening, a second tape may be inserted 


LOOP END 


Fig. 18-14. Making fish tape from ordinary steel wire. Suit 
length to the job at hand. 
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Fig. 18-15. Using the fish tape to go from one opening to 
another in a wall. Tape is fed in at A and is pushed upward 
until it can be pulled through the opening at B. 

(GE Wiring Devices Dept.) 


E 


Fig. 18-16. Fish tape can be fed through a knockout in an elec- 
trical box when going from an existing outlet to a new one. 


Fig. 18-17. Connect cable securely to end of fish tape in 
preparation for pulling through blind space. 
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through the second hole. Twist and pull on the 
tapes until they catch each other. Pull on one 
of the tapes until the other is drawn through the 
second opening. 

4. Ifa box from old work cannot be removed, in- 
sert the fish tape through a knockout as shown 
in Fig. 18-16. 

5. Secure the cable to the fish tape, Fig. 18-17, 
and pull the cable through the wall to the first 
opening. 

6. Once the cable is brought to the appropriate wall 
opening, strip back the insulation about 8 in. and 
install the cable connector. 

7. Attach the cable to the box, Fig. 18-18, and in- 
stall the box in the wall. 


USING NONMETALLIC BOXES 


Nonmetallic boxes have also been designed for 
use on old work. Locate the correct knockout (in 
direction of the cable) and tap out the thin section 
as in Fig. 18-19. Slide the conductors through the 
knockout and the box clamp. Push through at least 


CONNECTOR 


Fig. 18-18. Cable must be attached to box before the box is 
installed. Some connectors are installed inside the box. Others 
are attached to the cable before it is pulled into the box. 
(GE Wiring Devices Dept.) 


Fig. 18-19. Opening up a knockout on a fiberglass or plastic 
electrical box. Thin section is removed by a sharp tap of a 
screwdriver. (Allied Moulded Products, Inc.) 
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1/4 in. of the cable jacket (covering). See Fig. 
18-20. Using a screwdriver, tighten the cable clamp 
until the cable is securely fastened in the box. 
To install the box, gently guide it with the snap- 
in bracket attached, through the cutout. Push it in- 
to the opening as far as the ‘‘ears.’’ Secure the box 
by tightening the screw or screws in the bottom of 
the box, Fig. 18-21. This will draw the snap-in 
bracket against the back side of the wall. 


EXTENDING A CIRCUIT 


Often, old work will consist of extending an ex- 
isting circuit. To do this you need to run cable from 
an existing outlet to the point where a new outlet 
is needed. Routing of the new cable should be done 
to create the least work or destruction of plaster 
or drywall. 

As shown in Fig. 18-22, the new work can be 
routed through an attic, behind a baseboard, 
through a basement or crawl space. Which route 
is best depends upon: 

1. Where the new outlet is located. 
2. What obstructions lie in the way. 

If you are installing a ceiling fixture, going through 
an attic space may be the obvious route. If a new 
receptacle is being added along a wall and power 
is being taken from another receptacle 6 ft. away, 
a baseboard installation would seem best. However, 
if there is a door in the way you would likely choose 
a different route. 


WIRING BEHIND A BASEBOARD 


Baseboard installations can be done without use 
of a fish tape. Before opening up the live outlet trip 
the circuit breaker to the off position to deenergize 
the outlet. Check with a neon tester to make sure 
the power is off. 

1. Look at Fig. 18-23. Remove receptacle plate 
and receptacle at A. 

With a screwdriver remove a knockout facing 
in the direction the new wiring will go, in this 
case, toward the floor. 

Locate the new outlet. Use a stud finder or tap 
on the wall to find where studs are located. 
Mark the spot where the outlet will be. 

Put the new box against the wall or use a 
template to mark the outline of the new 
opening. 

Drill starter holes and cut out wall material with 
a keyhole saw. 

Remove the baseboard carefully to avoid 
damage to either the baseboard or the wall. 
Drill holes below both A and B in area that will 
be concealed by the baseboard. 

Cut a groove in the wall and the studs from 
A to B. Make it deep enough so a piece of con- 


2. 
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Fig. 18-20. Fastening cable inside a nonmetallic box. Pull at 
least 1/4 in. of cable jacket through the clamp. 


SNAP IN 
BRACKET 


Fig. 18-21. Securing box in the wall. A— Snap in bracket is 
attached to back of box with adjusting screw. B—When box 
is in place with ears against surface of wall, bring bracket 
against the reverse side by tightening the screw. C— Some 
boxes have two screws for adjusting snap-in bracket. 
(Allied Moulded Products, Inc.) 


duit or cable will fit behind the baseboard. 
Select cable or conductor size according to the 
circuit ampacity. 


9. Install conduit or cable. (Cable can be installed 
in conduit if desired. This would protect it from 
nails driven through the baseboard. If cable 
only is used protective steel plate must be 
placed over the notch at every stud.) 

10. Make connections inside the boxes. 

11. Install the new box in the wall. 

12. Install receptacles and cover plates. Test the 
circuit extension. 

13. Replace the baseboard. 


ADDING ON 


THROUGH ATTIC 


“pe. THROUGH WALL 


EXTENDING WIRES 


THROUGH BASEMENT 


Fig. 18-22. Methods of routing wiring during remodeling. 
(GE Wiring Devices Dept.) 


BASEBOARD CIRCUIT INSTALLATION 


Fig. 18-23. Routing wiring where it will be concealed by a 
baseboard. 


A B 
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BOX INSTALLATION 


In old work, as in new work, box installation is 
a simple procedure. However, in old work the 
technique is different since the boxes are usually 
not attached to the building studs. 

For this reason, special boxes and mounting 
devices are available. See Figs. 18-24 and 18-25. 

Whatever devices are used, the box must be 
prepared and the cable attached to it before it is in- 
stalled. Simply knock out the appropriate holes and 
attach the cable using the connector(s) you've 
already installed, Fig. 18-26. Then slip the box in- 
to the wall opening. Secure it, and connect the load 
device. 


TAB BENT 
OVER 


Fig. 18-25. This style of hanger strip is designed to be used 
with standard electrical boxes. 


Fig. 18-24. Special boxes and devices for clamping boxes in old work. A—Snap-in bracket is part of the box. B—Hanger 
mount for mounting from ceiling joists in an attic. C—Hanger designed to bridge hole in plaster or drywall. 
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PRESS CONNECTOR INTO KO 


Press connector into 1/2” KO. 
Stays in place. Easily removed if 
necessary. Re-usable. 


FEED CABLE AND... 


Half-turn with screwdriver moves 
the locating tab up showing you 
connection is secure. 


TURN SCREWDRIVER 


When locating tab points down, 
cable slides freely through connec- 
tor. No need to guess open or 
closed position. 


LOCKNUT 


Fig. 18-26. Cable connectors for old work. A, B, and C—Method of installing special connector which needs no locknut. 
D—Completed installation with all steps completed inside the box. E—Connector designed for nonmetallic cable. It is fastened 
to cable before box connection is made. Note locknut. 

(Raco, Inc.) 


MODERNIZING SERVICE ENTRANCES 


More often than not, the electrical demands made 
ona house built as recently as 15 or 20 years ago, 
exceed its capacity, Fig. 18-27. Sometimes a larger 
service entrance is the best solution. 

There are several ways to update a service en- 
trance. Which is best will be based on: 

1. Calculating present loads. 
2. Planning for future loads. 

In any case, a minimum of 100 A will be required. 
In a home where there is electric heating, air con- 
ditioning, ranges, clothes dryers, and other 240 volt 
appliances, a 200 A service is advisable. The up- 
dated service entrance must be installed as de- 
scribed for new service entrances. See Chapter 12. 
Make sure to provide a breaker panel large enough 
for all the existing circuits, new circuits, and some 
spares for future expansion. 


CONTACT POWER COMPANY 


Inform the power company before work starts. 
Certain information, forms, and metering equipment 
must be obtained before the job begins. In addition 
you will need to arrange for a disconnect of the old 
service and a reconnect of the new or updated one. 
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After the new service entrance is installed, the 
old circuits must be connected to it. There are 
several possibilities: 


1. If the new panel is to be placed in the same loca- 
tion as the old one, then the old circuits may be 
directly connected to it. 

2. If the new panel cannot be located in the same 


position then you must junction the old circuits 


Fig. 18-27. Old, outdated electrical equipment is best re- 
placed. Overloaded circuits and extension cords (not shown) 
are fire hazards. (Scott Harke) 


Electrical Remodeting 
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WIRES 
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| 
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TRANSFORMED INTO | 
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Fig. 18-28. Incorporating the old service panel into a new one. 
The old panel is transformed into a sub-panel. 


to it. One way of doing this is to use the old ser- 
vice panel or fuse box as a sub-feed panel, Fig. 
18-28. Use a 50 or 60 A breaker in the new 
panel to feed it. 

3. Another possibility is to replace the old fuse box 
or outdated panel with a new lighting panel and 
circuit breakers. Then connect old circuits direct- 
ly to the new panei. 

4. Still another alternative is to replace the old box 
or panel with an approved junction box of ‘’J”’ 
box, as shown in Fig. 18-29. Again, connect 
the old circuits to the new main pane!, giving 
each its own circuit breakers. 


ADDING A SUB-PANEL 


The cable feeding the sub-panel should match the 
panel's ampacity. To determine the ampacity need- 
ed, refer to the panel rating and the manufacturer's 
instructions. Be sure to check local Codes as well. 
Also, be sure that the sub-panel has sufficient 
Capacity for the number of circuits you wish to add. 
To install a sub-panel use two circuit breaker spaces 
in the main panel. See Fig. 18-30. 

To make the installation: 

1. Switch the main circuit breaker to the ‘‘off’’ 
position or remove the main fuses. Be careful. 
Remember, the incoming power cable and line- 
side lugs are still live even though the rest of 
the panel has been disconnected. 

2. The sub-panel is usually mounted as near to the 
main panel as possible. 

3. Run cable from the main panel to the sub-panel. 
Make sure that there is extra cable at each end 
to make the connections. 

4. Cut insulated wires long enough to make con- 
nections to screw terminals, neutral bar, and 
equipment ground bar. 


CABLE 
OLD CONNECTING 
CIRCUITS OLD CIRCUITS 
TO NEW PANEL 


NEW “J” BOX 


NEW SERVICE PANEL 


Fig. 18-29. Often a junction box is installed to replace the old 
panel. It offers a connecting means to make the home run to 
the new service panel. 


5. The two ungrounded conductors (red and black 
wires) connect to the screw terminal at the top 
of the new panel. The white wire must be con- 
nected to the neutral bar. The green insulated 
or bare wire goes to the equipment ground bus 
bar. 

6. Make connections inside the main panel. Cut the 
wires to length allowing enough to make con- 
nections to the sub-feed overcurrent device. As 
in the sub-panel, connect the white wire to the 
neutral bus bar, and the green or bare wire to 
the equipment ground bus bar. 

7. This completes the wiring of the sub-panel. The 
next step is to add branch circuits and circuit 
breakers. 


MAIN PANEL 


SUB-PANEL 


AY 


le 
EEE IEEE EES 
Spirer. 


Fig. 18-30. Hookup for adding a sub-panel to a service en- 
trance main panel. It is similar to Fig. 18-28 and the hookup 
is made in the same way. (GE Wiring Devices Dept.) 
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Fig. 18-31. Common Code violations in bonding equipment to the panelboard. 


GROUNDING PANELBOARDS 


All of the equipment grounding conductors must 
be properly connected to an approved grounding 
terminal bar which is part of or added to the 
panelboard. This grounding bar must not be con- 
nected (bonded) to the neutral bar except at the ser- 
vice panel. The following illustration, Fig. 18-31, 
shows common violations of the important Code 
rule. 


GROUNDING REMODELED SYSTEMS 


When installing new panels, or “J” boxes as 
substitutes for the old fuse box, or when using the 
old fuse box or panel as a ‘’J’’ box, the neutral and 


NEW SERVICE 
PANEL 


NEUTRAL BAR 
AND GROUND BAR 
BONDED TOGETHER 

AND TO THE CABINET 


the ground bus bars must be isolated. That is, ALL 
neutral or white wires must go to a neutral bus bar 
and ALL ground wires must go to a separate ground 
bus bar. This bus bar must be insulated and isolated 
from the neutral bus bar. (See NEC, Section 
250.142) The ground bus must be bonded to the 
enclosure; the neutral bus must be insulated from 
the enclosure. This is especially important when 
using nonmetallic cable. Fig. 18-32 shows the wiring 
diagram when installing any sub-panel. 


SURFACE WIRING 


A discussion of surface wiring will include: flat 
cables, 


conductor wireways, and multi-outlet 


N 

E 

U 

T DO NOT 

A BOND 

L TO 
CABINET 


nc ow 


GROUND BAR 
MUST BE BONDED 
TO CABINET 


SUB-PANEL 
OLD CIRCUIT PANEL 


Fig. 18-32. Feeder from main panel to sub-panel will contain four conductors. Two are hot, one is neutral and one is the 
grounding conductor. In the sub-panel, the grounded and grounding conductors must be insulated from each other. Rules . 
regarding this procedure may be found in Section 250.24 of the NEC. 
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Fig. 18-33. A surface wireway is a simple, inexpensive way to extend a circuit to get more receptacles. Instructions are 
supplied by the manufacturer. 


assemblies or raceways. See Fig. 18-32. The Code 
defines such systems under Article 100 as “A type or 
surface or flush raceway designed to hold conductors 
and attachment-plug receptacles, assembled in the 
field or at the factory.” The uses and provisions of 
such systems are spelled out in Code Articles 376, 
380, 382, 384, 386, and 388. You should become 
familiar with these articles of the Code before making 
any installation of this nature. 

The main benefit of surface wiring systems is that 
walls, ceilings, and floors do not have to be opened up 
for installation. This saves time, effort, and money. 


FLEXIBLE METAL 
CONDUIT FEED 
STUBBED IN 


CUT OFF 
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INSTALLING SURFACE WIRING 


Manufacturers of surface wiring provide detailed 
instructions on installation of their systems. A 
typical installation begins with bringing the line side 
conductors into the base of the surface assembly. 
Remove an entrance knockout from the base and 
attach a suitable connector. (If connector is already 
attached to feeder cable, pull connector and cable 
through the base.) Install attaching locknut, Fig. 
18-33, and attach base to the wall with mounting 
screws provided by the manufacturer. 


ATTACHING 
LOCKNUT 


LOCKNUT RUN 
ONTO CONNECTOR 
B AS SPACER 


WIRED SECTION 


2051H FLUSH 
D PLATE ADAPTER 


Fig. 18-34. Methods of bringing conductors into a wireway. A — Cable can be brought in through a knockout in the base. No 
box is required in the wall. B— Using a 90-degree connector. C — Special closure for end feeding. D—Wireway fed from an outlet 


box using a special cover adapter. 


(The Wiremold Co.) 
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Receptacles are normally mounted in the cover 
section of the assembly. Detach one or two recep- 
tacles from the cover. Align cover and receptacles 
with the base to determine where connection 
should be made. 

Cut and strip black and neutral wires on both 
harness and feed as shown in Fig. 18-35. Connect 
black and neutral feed wires to black and neutral 
harness wires. Use wire nuts (solderless connec- 
tors) or special connectors provided by the 
manufacturer. Strip away enough insulation from 
the green insulated grounding conductor in the 
harness to make an approved connection with the 
green grounding wire from feed. Fig. 18-36 shows 
completed connections. 


BLACK AND WHITE 
FEED WIRES—STRIP 1/2” 


INSULATED CONDUCTOR IN FEED 
WHICH IS CONNECTED DIRECTLY 
TO SERVICE GROUNDING TERMINAL 


COVER 


(a 


GREEN 
CUT BLACK AND WHITE WIRES big ae 
BETWEEN FEED POINT AND GROUNDING 
RECEPTACLE LOCATED GREATER CONDUCTOR 


DISTANCE FROM FEED. STRIP 
ENDS 1/2” 


Fig. 18-35. Cutting of wires in harness prior to making con- 
nections to feed. Green insulated wire is not cut. 
(The Wiremold Co.) 


W30 WIRE 
CONNECTORS 


CONNECT GREEN GROUNDING 
WIRE IN HARNESS TO INSULATEC 
GROUND WIRE IN FEED WHICH IS 
CONNECTED DIRECTLY TO 
SERVICE GROUNDING TERMINAL 


ORANGE RECEPTACLE CAP. CAPS MUST BE IN PLACE ON 
ALL RECEPTACLES TO COMPLY WITH COLOR IDENTIFI- 
CATION REQUIREMENTS OF UL LISTING 


Fig. 18-36. Making connections from feed to wire harness. 
Solderless connectors or special connectors supplied by 
manufacturer can be used. 


If nonmetallic sheathed cable is used for feeder, 
connect the bare ground wire as shown in Fig. 
18-37. Use solderless connectors to cap unused 
leads at the end of the harness, Fig. 18-38. 

When connections are completed, replace the 
receptacles and harness in the cover. Snap the 
cover into the base to complete the installation. 

To extend surface wiring, attach the new base 
section to the wall being careful to align and butt 
the end to the previous section. Remove blank end 
fittings from sections. Make an electrical connec- 
tion between the harnesses in the two sections. 

Reinstall the covers. Figs. 18-39 through 18-42 
show installation of nonmetallic type surface 
raceway. 


BARE 
(CONVENTIONAL) 
GROUND WIRE 


FEED 
WIRES 


2009 
Fig. 18-37. Method of making ground connection when 
nonmetallic sheathed cable is used. (The Wiremold Co.) 


CLOSE UP LEAD 
ENDS USING 
APPROVED 

METHOD 


Fig. 18-38. Bare leads at the end of the harness must be 
Capped to prevent short circuits. 


A7 ‘N 


Fig. 18-39. Installing nonmetallic molded raceway. Branch cir- 
cuit conductors are brought in through hole cut in 
base. (Carlon, an Indian Head Co.) 
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Fig. 18-40. Outlets are connected to appropriate circuit con- Fig. 18-42. With base cover properly installed, outlet plate is 


ductors and positioned at desired intervals. Outlet mounting 
brackets hold outlet securely. Wire retaining clips help support 
conductors in raceway. 


Fig. 18-41. Base cover has been cut to length and is being 
snapped over the base. (Carlon, an Indian Head Co.) 


ready to be attached. 


REVIEW QUESTIONS — CHAPTER 18 


Discuss the major differences between old 

work and new work. 

List five special tools needed for remodeling 

wiring. 

When extending or remodeling a wiring 

system, the grounding conductor must be 
from the service panel to all 

outlets. 

The method(s) of wiring used in old work most 

often is (are): 


a. Nonmetallic sheathed cable. 

b. EMT. 

c. Rigid conduit. 

d. Armored cable (BX). 

e. Greenfield. 

f. None of these. 

A orthe__________, itself, is used 


to trace the shape of an outlet box on a wall 
when doing old work. 

Explain the use of fish tape in electrical 
remodeling. 

In old work, boxes are usually attached to 
studs or joists. True or False? 

Give two common ways that old circuits can 
be connected to a new Service entrance panel. 
List several benefits of surface wiring. 
Explain what is meant by insulating the neutral 
grounded conductor from the grounding 
conductor. 


Information in this chapter will enable you to: 

e Discuss the design of various electrical 
measurement instruments. 

e Name six instruments used by electricians and 
indicate their purpose. 

e Hook up and read each instrument. | 


As in other technical fields, it is important to 
measure electricity accurately. Electrical METERS 
are to electrical measure what rules are to linear 
measure. Meters are an invaluable aid to electrical 
troubleshooting. 

Many types of electrical meters have been 
developed. You will study meters designed to 
measure voltage, Current, resistance, and power. 


METER DESIGN 


Most meters used for electrical measurement 
employ a ‘‘moving-coil meter movement.” This 
design, illustrated in Fig. 19-1, was first produced 
by the French physicist, Jacques Arsene D’Arson- 
val, to detect small electrical currents. This early 
instrument, called a ga/vanometer, has been modi- 
fied for different purposes, but the basic construc- 
tion is still about the same. In fact, the coil 
movement is called the D’Arsonval movement, 
honoring its inventor. 

As shown, the basis of a D'‘Arsonval movement 
is a permanent horseshoe magnet made of soft iron. 
A cylindrical or circular soft iron core is placed within 
the magnetic field created by the horseshoe 
magnet. Very fine wire is wrapped around this core 
and makes up the coil. Opposite ends of the coil are 
fastened to springs, which are permitted to pivot 
on highly polished bearings to reduce friction. This 
allows the coil to move freely between the poles 
of the magnet. 

The two springs are each connected to a terminal. 
These serve as the meter terminals. Leads are at- 
tached to the terminals. Further, a pointer registers 
coil movement. Stops are provided at the left and 
right extremes to prevent the pointer from moving 
too far in either direction. A calibrated (numbered) 
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Fig. 19-1. The basic mechanism of electrical meters like the 

ammeter and voltmeter is the D’Arsonval movement illustrated 

above. A—A permanent magnet surrounding a circular core is 

at the heart of the movement. B—A coil wound on a frame with 

sensitive springs envelopes the core. C—A carefully machined 

pivot allows for movement of the pointer. D-The fully assem- 
bled electrical measuring device. 
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scale, placed in back of the pointer, is used to in- 
dicate the appropriate readings of the electrical 
values being measured, Fig. 19-2. 


METER FUNCTION 


A meter operates in a predictable way. When con- 
nected to a circuit across its terminals, the meter 
reacts to current flow into the meter coil. Current 
sets up a magnetic field around the coil. The 
magnetic field formed by the current interacts with 
the magnetic field of the permanent horseshoe 
magnet. This reaction creates torque, making the 
coil pivot. The greater the current, the greater the 
torque and, therefore, the more the pointer will be 
moved, Fig. 19-3. 


Fig. 19-2. A calibrated or numbered scale indicates quantity 
of units being measured. 


TYPES OF METERS 


An electrician will only have need for six different 
types of meter. This group will include: 
Galvanometer. 

Ammeter. 

Voltmeter. 

Ohmmeter. 

Multimeter. 

Wattmeter and Watt/hour meter. 
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Fig. 19-3. Interaction of magnetic field, created in coil, with 
that of the permanent horseshoe magnet causes coil to pivot, 
moving the pointer across the scale. 
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GALVANOMETER 


The galvanometer, as you read earlier, is an elec- 
trical instrument used to detect and measure very 
small amounts of current. Its construction is shown 
in Fig. 19-1. When current is sent through the coil, 
it becomes an electromagnet. The north of this coil 
is then attracted to the south of the permanent 
magnet and deflection occurs. 

Galvanometers measure current in thousandths 
of an ampere, and, for practical purposes, are not 
often used by electricians. However, because other 
instruments, such as the voltmeter, ammeter and 
ohmmeter, are special adaptations of the 
galvanometer, we have included it in our discussion. 
See Fig. 19-4. 


AMMETER 


This instrument is employed to measure the cur- 
rent flow in an electric circuit. It, too, is a moving- 
coil galvanometer, but it has been provided with a 
shunt. A shunt is a low resistance. It is connected 
in parallel with the coil as illustrated in Fig. 19-5. 


Ne 


Fig. 19-4. A galvanometer is used to measure very small elec- 
trical currents. It is identical in construction to the mechanism 
shown in Fig. 19-1. 


POINTER 


Fig. 19-5. A—Schematic shows how galvanometer principle 
is modified for ammeter. B—Modern ammeter. 
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The ammeter works like the galvanometer. 
However, most of the current goes through the 
shunt rather than through the coil. The coil would 
burn up without it, Fig. 19-6. The less the resistance 
in the shunt, the more current will pass through it. 
The fraction of the total current that flows through 
the coil is thus determined by the resistance of the 
shunt. This comparison is used in the calibration of 
the ammeter. 

Ammeters may have one or more scales, depend- 
ing on the number of shunts used and their resis- 
tances. Because ammeters have a small inter- 
nal resistance, they must be placed in series with 
the circuit to be measured. \f placed in parallel, they 
will burn out. Fig. 19-7 shows proper connection 
of an ammeter in a circuit. 


TERMINAL 


Fig. 19-6. A shunt permits a small amount of current through 
the meter coil, while a large amount passes through the shunt. 


AMMETER 
(ALWAYS IN 
SERIES) 


LINE 


Fig. 19-7. Ammeter measures the current flow of a circuit. 
They must always be placed in series with the circuit 
components. 


VOLTMETER 


The vo/tmeter is an electrical instrument used to 
measure difference in potential or the voltage across 
two points along a circuit. The voltmeter is not 
unlike the galvanometer and ammeter. The major 
difference is that the voltmeter has a MULTIPLIER 
placed in series with the coil. A multiplier is a high- 
value resistor. See Fig. 19-8. 
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Fig. 19-8. The voltmeter is used to measure the electromotive 
force (EMF), potential difference, or, as commonly termed, the 
voltage of an electric circuit. 


The scale of a voltmeter is merely calibrated to 
indicate the potential energy needed to push the 
small amount of current through the coil. 

Voltmeters are a/ways placed in parallel to the cir- 
cuit or with any component part of it. Fig. 19-9 
shows the proper connection of a voltmeter in a 
circuit. 

Like all meters, the voltmeter is a delicate instru- 
ment which must be handled with care. Moreover, 
the meter must be placed in the circuit correctly. 
Failure to do so will surely result in severe damage 
to the instrument. 


OHMMETER 


The ohmmeter is used to measure circuit 
resistance. It utilizes the same basic meter move- 
ment as the previously mentioned meters. The 
probes of an ohmmeter are placed in series with 
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Fig. 19-9. Voltmeters are always placed in parallel with cir- 
cuit components to be measured. 
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Fig. 19-10. A—The internal schematic of an ohmmeter. B— The ohmmeter scale is not uniform in graduations. The far left of 
the scale begins with infinity while the far right ends with O resistance. 


the resistance to be measured. The value is read 
directly from the meter scale. The scale ranges from 
infinite resistance to a low of zero resistance. 
The ohmmeter contains its own source of elec- 
tricity, usually one or several dry cell batteries, 
several resistors, and an adjusting device (zero ad- 
just) to compensate for battery wear. A simple 


Fig. 19-11. The multimeter or VOM is a measuring instrument 
that combines the traits of a voltmeter, ohmmeter, and milli- 
ammeter. (AEMC Instruments) 


=|! 


BLACK LEAD 


RED LEAD 


series ohmmeter ciruit is shown in Fig. 19-10, along 
with a typical ohmmeter scale. 

Care must be exercised when using an ohmmeter. 
Be absolutely sure that a// current has been shut off 
and that the portion of the circuit to be analyzed 
is disconnected. Voltage in the circuit can severe- 
ly damage the ohmmeter. 

Another way of determining the resistance of a 
circuit is through the application of Ohm’s Law. As 
long as we know the amperage and voltage, we can 
find the resistance: 


Voltage 


Resistance 
Amperage 


MULTIMETER 


Most commonly, a mul/titester or multimeter in- 
strument is used to measure electrical circuit quan- 
tities. They are far more handy than the individual 
ohmmeter, voltmeter and ammeter since they com- 
bine all of these functions in one inexpensive unit. 
A picture of the multimeter, often called the VOM 
or volt-ohm-milliammeter, is shown in Fig. 19-11. 
Note the front panel which provides a switch for 
selecting function and range. Figs. 19-12 through 


METER 
COMPLETES THE 
CIRCUIT 
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Fig. 19-12. Measuring dc amperage of a simple circuit using a VOM. Note the positioning and polarity of the probes. 
Initially, the meter should be set to highest dc amperage range to avoid burnout. 
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Fig. 19-13. Measuring ac voltage with the VOM is frequently done by electricians. Again, take 
' special note of the hookup and polarity detail. 


19-14 show the multimeter hookups for measur- 
ing amperage and resistance of a circuit. 

Complete instructions and suggested procedures 
are supplied by the manufacturers of the in- 
struments. It is very important to study these in- 
structions carefully before you use the instrument. 
This precaution will help prevent injury to you and 
damage to the meter. 


ADAPTING METERS TO AC MEASUREMENT 


The meters discussed this far are those used for 
dc measurement. However, with minor alterations, 
these same meters can be adapted to ac measure- 
ment. The main procedure that is used is called rec- 
tification. By adding one or several rectifiers into 


FUNCTION SWITCH 


bili 
SWITCH OPEN BLACK LEAD ||] 


Vy 


the meter circuit, we can convert a dc meter into 
one which will measure ac electricity. 


THE WATTMETER AND WATT/HOUR METER 


The main object of any electric circuit is to pro- 
vide power to the individual devices within the 
circuit. If you recall, power, which is measured in 
watts, is the product of the electromotive force 
(voltage) and the rate of current flow (amperage) 
in a circuit. Thus, voltage x amperage = power 
(in watts or VA.) 

A meter designed for measuring power in an elec- 
tric circuit is called a wattmeter. The internal struc- 
ture of this type of meter is shown in Fig. 19-15. 
In essence, it is a combination voltmeter-ammeter. 
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Fig. 19-14. In order for resistance measurements to be accurately taken, the range switch must be set on the highest 
rating for resistance readings; the zero adjust Knob must be set to bring the pointer (not shown here) to zero; the function 
switch must be on dc, the circuit must be de-energized and the polarity must be correct. 


204 


Electrical Meters 


MOVABLE COIL 


mzZz-=-r 


Fig. 19-15. Wattmeter symbol and design. 


WATT/HOUR METER 


A modification of the wattmeter which measures 
the amount of electrical energy used by the con- 
sumer, is called the watt/hour meter. Utility com- 
panies require all of their customers to have one as 
part of the service entrance. The watt/hour 
meter records the power used in units of kilowatt 
hours (kW/hr). One kilowatt hour is equivalent to 
1000 watts of power being used for one hour of 


METER 


LINE 


time, two kW/hr would be equivalent to 1000 watts 
of power being used in a two hour period of time, 
and so on. An average family of four may use 1000 
kW/hr of power each month. The circuitry of the 
watt/hour meter is illustrated in Fig. 19-16. 

Fig. 19-17, shows the dial markings on a typical 
watt/hour meter. To read the meter, simply write 
down the number that the pointer has just passed 
on each dial going from left to right. For example, 
the dial markings illustrated, would be read 1559 
kW/hr. 


METER CARE 


Electricians will rely upon their meters to a greater 
or lesser degree. How long the meter will serve them 
will, in turn, depend on the amount of use and care 
it receives. 

The main thing to remember is that meters are 
delicate measuring instruments. They must be 
handled with care. Magnetic type meters should 
never be placed near strong magnetic fields. Ter- 
minals or probes of a meter must be placed proper- 
ly in the circuit to be tested. Direct current polarity 
must be observed. Maximum current or voltage 
must not be exceeded. Keep the meter clean and 
store it in a protected case or cover. 
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Fig. 19-16. The watt/hour meter. A—Bottom-connected type. B— Socket type. 
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Fig. 19-17. Reading a kilowatt-hour meter. Note the direction of the pointer rotation. The numbers 
you read are the ones which the pointer has just passed. 
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REVIEW QUESTIONS — CHAPTER 19 


1. Complete the following chart: 


ar MEASURES: SYMBOL: 


PEs) « 
SCT 
<n 


| | Resistance =| 


2. The basic meter component, called the 
movement, consists of a cylindrical iron core 
placed within a magnetic field created by a 
horseshoe magnet. 

3. A is a low resistance connected in 
parallel with the coil of a(n) 

4. A is a high resistance connected in 
series with the coil of a(n) 


NOTES. 


5. A most versatile measuring meter called the 
ç Combines the Capabilities of 
several individual meters. 

6. Rectifiers are added to a meter circuit to con- 
vert it from direct current to alternating current. 
True or False? 

7. Voltage x Amperage = 
a. Potential difference. 


b. Power. 
c. Rectification. 
d. Current. 
8. The meter dials below would be read as 
kW/hr. 
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Schematic diagram of typical VOM. 
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Information in this chapter will enable you to: 

e List safety procedures to follow when 
troubleshooting electrical circuits. 

e List the troubleshooting tools required. 

e Explain procedures for testing fuses, recep- © 
tacles, ground continuity, switches, and 
fixtures. 

e Explain overloaded neutrals and unbalanced 
currents. 


SAFETY CONSIDERATIONS 


Safety must be a continual concern of all electri- 
cians. Safety must be uppermost in tli 
shooter's mind since this aspect of el 
can be dangerous. In most instan 
energize the device, the circuit, or t 
in order to correct or repair a malf 


Tu 
at certain times, it is necessary thé 
main energized in order to tr 10 e proble 
It is during these times, that alertness and safe 
consciousness is essential 


~ 


Fig. 20-1. A truly versatile testing instrument is this hand-held 
VOM. It can be used to measure most characteristics of an elec- 
tric circuit. (Beckman Industrial Corp.) 
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Fig. 20-2. A neon tester will indicate the presence of 120 or 
240 V by how brightly it glows when placed across the load. 
(GE Wiring Devices Dept.) 


Fig. 20-3. The ampclamp, or current clamp, is indispensable 
when the current reading of a live conductor is needed. 
(John Fluke Mfg. Co.) 


TROUBLESHOOTING TOOLS 


Some of the tools of particular importance to 
troubleshooting are: 

1. The VOM. See Chapter 19 and Fig. 20-1. 

2. The Neon Tester, Fig. 20-2. The neon tester is 
a simple device which will indicate 120 V or 
240 V by the brightness of its glow when 
connected across the hot and neutral wires or 
two hot wires of a circuit. The greater the 
voltage, the brighter it will glow. 

3. The VOM will indicate the same information. 
However, it will be in numerical form on a 
calibrated scale. 

Other more precise instruments can be used 
when more exact information regarding circuit 
characteristics is needed. For example, an amp 
clamp, shown in Fig. 20-3, is essential when you 
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Fig. 20-4. A good quality voltage tester will indicate voltage 
as well as polarity. This model is lightweight, compact, and 
inexpensive. (Square D Co.) 


need to know the exact current flow in a given 
conductor. A compact vo/tage tester, like the one 
in Fig. 20-4, will indicate voltage and polarity of a 
circuit. 


DIAGNOSING PROBLEMS 


Electrical troubles show up as a wide range of 
symptoms. The common simple problems usually 
involve faulty receptacles, switches, lighting fix- 
tures, fuses, breakers, and the like. More complex 
situations may include open circuits, broken con- 
ductors, voltage fluctuations, and ground-faults, or 
current leakages. We will limit our discussion to the 
more commonly encountered and readily solvable 
troubles. 


TESTING RECEPTACLES 


When receptacles are not performing properly, 
chances are either the circuit or the receptacle itself 
is at fault. If no voltage is indicated when the tester 
leads are inserted in the receptacle contact slots, 
Fig. 20-5, check the line conductors for voltage to 
the receptacle. This is accomplished by removing 
the wall plate and checking for voltage at the ter- 
minal screws, Fig. 20-6. If voltage is present at the 
terminal screws, the receptacle is defective and 
must be replaced. 

Sometimes, an open neutral conductor in the 
receptacle is the cause of the problem. If no voltage 
is present at the receptacle slots as in Fig. 20-5, 
but a positive test lead reading is obtained as shown 
in Fig. 20-7, the chances are very good that the 
neutral is open. If there is no voltage at either the 
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Fig. 20-5. Checking for power at outlet. Insert leads of neon 
tester into slots of receptacle. If tester light glows, circuit and 
receptacle are all right. 


Fig. 20-6. If the tester does not glow when leads are in recep- 

tacle slots (Fig. 20-5), pull off plate and try this test. If test 

light goes on, voltage is present up to the receptacle. It in- 
dicates that the receptacle is not working. 


Fig. 20-7. If the tester does not light during the test shown 

in Fig. 20-5 try this test. If you get a positive reading between 

the “hot” conductor and the ground it indicates that the neutral 
is open. 


Electrical Troubleshooting 


receptacle slots or the terminal screws, then an open 
circuitis the problem. This may have occurred at the 
distribution panel or somewhere along the circuit 
wires. Possibly it happened at a previous receptacle. 


CONTINUOUS GROUND CHECK 


Too often, improper grounding can result in 
shocks which cause discomfort to the user of an 
outlet or fixture. In some cases, the shock may be 
serious enough to cause death. We have stressed 
the importance and methods of grounding 
throughout this text. Checking the grounding 
system should be routine. Each time a system 
comes under scrutiny or repair for any reason a 
check should be made. The method of checking cir- 
cuit grounding at the receptacles is the same one 
shown in Fig. 20-7. 

Older type receptacles do not have a ground slot. 
To check the ground continuity, insert one lead of 
the tester into the slot for the hot wire. Touch the 
other lead to the metal mounting screw. Tester will 
glow brightly if the box is properly grounded. See 
Fig. 20-8. 


TESTING SWITCHES 


To test switches, remove cover plate and deter- 
mine if there is power to the switch by touching 
one lead of neon tester to the meta! box and the 
other lead to the line side terminal, Fig. 20-9. If 
tester lights, circuit is working. Now turn switch to 
““on’’ and touch one lead to load terminal of switch 
while other lead is touching the metal box. If test 
light glows, switch is alright and fixture or wiring 
to it is faulty. Where nonmetallic boxes are used, 
one lead of tester must contact a neutral wire. 


TESTING FIXTURES 


Fixture condition can be determined by checking 
whether power reaches the supply conductors at 
the fixture outlet, Fig. 20-10. If there is voltage in- 
dicated at this point, then the fixture is not func- 
tioning. It needs repair or replacement. 


OVERLOADED NEUTRALS AND 
UNBALANCED CURRENTS 


It is often more convenient and economical to use 
one three-wire cable rather than two two-wire Cir- 
cuits. This is particularly true when both circuits 
would follow the same general direction. Installing 
two two-wire cables takes more material and time. 

The substitution of a single three-wire cable for 
two two-wire cables constitutes a multiwire branch 
circuit. The rules regarding such circuits are 
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Fig. 20-8. Testing a two-wire outlet for proper ground. Tester 
should glow just as brightly as when the tester leads are in both 
slots of the outlet. (GE Wiring Devices Dept.) 


LINE SIDE 


TERMINAL oat te 


TERMINAL 


Fig. 20-9. With switch off as at left, the tester will indicate 
voltage at the line side terminal screw if circuit is ‘‘live.”’ If 
tester does not light, circuit is faulty. Right. With the switch 
on, neon tester should indicate voltage between load side 
switch terminal and box or neutral conductor. If tester fails to 
glow, switch is faulty. Replace switch and repeat test. 


Fig. 20-10. If fixture will not function properly, but test light 
indicates voltage is present at circuit conductors, then the fix- 
ture must be repaired or replaced. 


Modern Residential Wiring 


referenced in Code section 210.4. Such a circuit may be 
used when split-wiring receptacles or when a circuit run 
consists of many light fixtures. The two circuits formed 
this way use a common neutral (the third white, ground- 
ed conductor in the cable). That is, both “hot” wires use 
the same neutral. See Fig. 20-11. 

Current will travel one direction in one hot wire while 
it is traveling the other direction in the other hot wire. 
The neutral wire will carry any unbalanced current 
resulting from differences between the hot wire loads. 
For example, if one conductor in Fig. 20-11 is carrying 
5 ampere of electricity, and the other conductor is 
carrying 7 ampere, the common neutral will conduct 
the 2 ampere difference. 


IMPROPERLY CONNECTED CIRCUITS 


Some problems do occur with multiwire circuits 
under certain conditions. With proper trouble- 
shooting, the electrician can detect and correct the 
problems. 

By far the most common problem occurring with 
split or multiwired circuits is the improper connec- 
tion of the circuit conductors at the panel. Too often 
the hot conductors are placed on the same hot 
busbar. This overloads the neutral because the cur- 
rent load it carries is the sum of the two hot wire 


PHASE A HOT 


currents. The overcurrent frequently overheats the 
conductor and insulation, causing the neutral con- 
ductor to short circuit. The insulation may actually 
melt away from the conductor, Fig. 20-12. 

Further, should the neutral open, excessive 
voltage surge may occur along one of the hot con- 
ductors. High voltage could damage the loads con- 
nected to the circuit. 

It is important that the electrician insure that the 
loads on each hot conductor are closely matched. 
They need not be exactly the same, but the closer 
the better. Remember, the neutral will carry the im- 
balance or difference. In addition the NEC requires 
that the two hot conductors have a common discon- 
nect which acts simultaneously in case of overcur- 
rent. This rule is important and must not be 
disregarded. An ordinary double-pole, single throw 
breaker will satisfy this requirement. 


FUSES 


Whenever fuses “blow,” the immediate concern 
is to determine why they did so, Fig. 20-13. Only 
when the cause is corrected, should the fuses be 
replaced. In addition, never replace a fuse with one 
having a higher rating. This will only defeat the pur- 
pose of the fuse in the first place. 


S 
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U 240V 
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@ 
E BALANCED 

PHASE B HOT 

Fig. 20-11. Properly constructed multiwire or split wired circuit. Neutral will safely carry unbalanced portion of load. 
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Fig. 20-12. One of the most common problems with multiwire or split-circuits is the improper phase division at the lighting 
panel. In this situation, a serious imbalance can cause overloading and probable damage to the neutral, as well as to the loads. 
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f 


OVERCURRENT 


SHORT CIRCUIT 


NORMAL 


Fig. 20-13. When fuses ‘‘blow”’ the first concern is to iden- 

tify the cause. The pattern of a blown fuse is the first clue. 

Note the normal, short-circuit, and overcurrent patterns of the 
common Edison-base fuses. (GE Wiring Devices Dept.) 


When plug fuses blow they are easily located and 
replaced. When cartridge fuses blow we must first 


identify the blown fuse, since there is often no visi- - 


ble evidence. 
You can identify the blown cartridge fuse in one 
of two ways: 
1. Remove the cartridge fuses from the panel and 
test them for electrical continuity. Use the VOM. 
2. With the cartridges still installed, test them using 
the neon tester. The second method, Fig. 20-14, 
is easier and saves time. 


BREAKERS 


Breakers are treated in much the same way as 
fuses. Should a breaker “’trip,’’ there is undoubtedly 
a cause. Find it before resetting the breaker. 

Occasionally, breakers malfunction and will not 
reset. This is determined using the same method 


SOURCE 


FUSE A IS GOOD 


Fig. 20-14. Method of checking out a fuse. If fuse is good, 
light on neon tester will light. 
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Fig. 20-15. Method of testing circuit breaker. If light in tester 

does not go on, reset and test again. If test is still negative 

replace the breaker with one of the same rating. If breaker trips 

when reset, the problem lies somewhere else in the circuit. 
(GE Wiring Devices Dept.) 


as with a blown cartridge fuse. With the breaker 
reset, place the neon tester between its terminal and 
the neutral busbar. If the results are negative the 
breaker is not functioning, as shown in Fig. 20-15. 


MISCELLANEOUS PROBLEMS 


Obviously, there are other problems which can 
arise in electrical systems. Those originating with 
electrical equipment can range from intermittent 
shorts (those which occur only at certain times and 
under certain conditions) to entire system shut- 
downs because of service equipment failures. These 
problems, however, are rare in comparison to those 
just discussed. They are beyond the scope and pur- 
pose of this text. However, the key point to keep 
in mind is that all electrical problems are traceable 
through careful analysis of the system components 
and perseverance on the part of the troubleshooting 
electrician. 


REVIEW QUESTIONS — CHAPTER 20 


1. List three common testing tools used in 
troubleshooting an electrical system. 
2. Describe the procedure for troubleshooting each 
of the following: 
a. Receptacle outlets. 
b. Switches. 
c. Fixtures. 
3. In a multiwire branch circuit two different cir- 
cuits will use a__ — —  —— Žž . 
List the two ways of identifying a blown car- 
tridge fuse. 


a 


The electrical wiring installations covered in this 
chapter are performed by the electrician on a less 
frequent basis than those mentioned in previous 
chapters. 


SIGNALING CIRCUITS 


Signaling circuits supply electrical energy to 
doorbells, buzzers, signal lights, and other warning 
devices. In addition, remote-control low voltage cir- 
cuits are included in this category. 


Fig. 21-1. Bell wire, 16-20 AWG, is used in circuits running 
between transformers and bells, buzzers, chimes, and the like. 
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Specialized 
Wiring 


The NEC distinguishes signaling circuits by 
dividing them into classes: 

1. Class 1 circuits are those in which power is 
limited to no more than 30 V and not over 1000 
VA. Remote motor-switching systems are in this 
classification. 

2. Class 2 and Class 3 circuits are power limited 
not to exceed 30 V and 100 VA. Such circuits 
are used for chimes, doorbells, humidistats, i 
thermostats, and the like. 

You will find detailed information on all three 
classes of remote control and signaling circuits in 
Article 725 of the Code. We shall discuss only 
signaling circuits. 


CONDUCTORS 


Buzzers, bells, and chimes operate at a nominal 
6 — 20 volts. They require wire ranging in size from 
16 to 20 AWG, depending on the device rating and 
length of run. See Fig. 21-1. 

Conductors serving buzzers, bells, or chimes must 
never be run with regular or full-power circuits that 
operate on 120 or 240 V. They must never pass 
through or terminate in boxes or enclosures con- 
taining full-voltage conductors, unless separated by 
a firmly fixed partition. 


BUTTON 


Fig. 21-2. A single bell operated by a 6 V battery is th 
simplest type of signaling circuit. 
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REAR DOORBELL 


REAR DOOR : 
BUTTON 


FRONT DOORBELL 


FRONT DOOR 
BUTTON 


Fig. 21-3. A double-bell system energized by a battery. This system is more flexible, but is limited by battery charge. 


Fig. 21-4. Doorbell, chime, or buzzer transformers operate at 
6 to 20 volts. 


TRANSFORMER 


Doorbell type circuits may be battery-operated as 
shown in Figs. 21-2 and 21-3. However, a more 
efficient system requiring less maintenance uses a 
transformer to supply power, Fig. 21-4. 

The transformer is placed at an outlet box from 
which the 120 V supply will be tapped. The lead 
wires must be connected to the 120 V line conduc- 
tors. The connection must be made within an 
enclosure. 

To accomplish this, the transformer is generally 
placed on its own outlet box. The 120 volt supply 


OUTLET 
BOX 


TRANSFORMER 
MOUNTED ON BOX 


AWG TO 


BUZZERS | 


Fig. 21-5. Proper mounting and connection of the doorbell, 
buzzer, or chime transformer. Note that all full voltage wires 
are housed in an outlet box. 
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Fig. 21-6. A typical, yet simple, bell system operated by 
transformer supply. 


conductors are brought into this box, Fig. 21-5. 
From the transformer load side, the bell or buzzer 
wire is directed where needed. 

A simple schematic for a transformer operated 
bell system is shown in Fig. 21-6. A similar two- 
button chime system is sketched in Fig. 21-7. 


HAZARDOUS LOCATIONS 


The NEC classifies locations where explosive, ig- 
nitable, combustible, or otherwise dangerous 
materials are produced, stored, or handled as 
HAZARDOUS. These hazardous locations are 


CHIME 
UNIT 


COMMON 
TERMINAL 
TRANSFORMER 


120 V 
SUPPLY 


Fig. 21-7. Double-button (front, rear) chime systems. 
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Fig. 21-8. Explosion proof receptacles such as these are used in hazardous locations. Left. Exploded view. No outside seals 


are needed. Right. Fully assembled. Plug is also watertight. 


divided into three classes based on the environment 

and type of hazardous material. Refer to articles 

500-503 of NEC. 

1. Class |—Locations in which flammable gases or 
vapors are or may be present in the air in quan- 
tities sufficient to produce explosive or ignitable 
mixtures. 

2. Class I|—Locations which are hazardous due to 
the presence of combustible dust. 

3. Class Ill—Locations hazardous because of the 
presence of ignitable flyings or fibers, but where 
such fibers will probably not be present in the 
air in sufficient quantities to produce ignitable 
mixtures. 

Each class is divided into: 

Divison 1 — The hazardous material is usually pre- 

sent in the air because of the manufacturing, stor- 

ing, or handling process. 


Fig. 21-9. Explosion-proof push button station is suitable for 
use in Class I, Il, and III hazardous locations. 
(Appleton Electric Co.) 


(Appleton Electric Co.) 


Division 2— The hazardous material is usually con- 
fined in cartons, containers, etc., and, therefore, will 
not produce explosive or ignitable mixtures in the 
air unless by accident or through some failure of the 
normal operating conditions. 


WIRING OF HAZARDOUS LOCATIONS 


Installing electrical wiring in hazardous locations 
require special attention and consideration: 

1. For Class |, Division 1, hazardous locations, the 
wiring must be enclosed in rigid or intermediate 
metal conduit or with type MI cable. Circuits 
must be terminated in specially constructed 
explosion-proof enclosures. See Figs. 21-8, 
21-9, and 21-10. Hazardous locations in this 
classification would include operating rooms of 
hospitals, dry cleaning plants, factories which 
handle or transfer flammable or explosive gases, 
paint spraying booths, and the like. 

2. For Class |, Division 2, hazardous locations, the 
wiring should be protected by flexible metal con- 
duit, a flexible metal raceway, or special heavy 
duty cord approved for this purpose. Termina- 
tions must be in explosion-proof enclosures. Ex- 
amples of such locations would be flammable 
gas or liquid storage areas (service stations, pro- 
pane or bottled-gas storage facilities, and similar 
places). 

3. In Class II, Division 1, hazardous locations, the 
wiring may be in threaded conduit, MI cable, 
flexible metal conduit, or type S heavy duty 
cord. All connections, equipment, and devices 
must be housed in dustproof enclosures, or 
wireways. Examples would be coal and grain 
elevators. 

4. Class Il, Division 2, hazardous locations such 
as flour processing plants, grain storage 
facilities, and carbon-black holding areas should 
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Fig. 21-10. Hazardous location lighting fixtures. 
(Killark Electric Mfg. Co.) 


Fig. 21-11. Lighting fixture typically used in areas where high 
humidity and dust are present. (Killark Electric Mfg. Co.) 


be wired in either the manner described for Class 
Il, Division 1, or with EMT. 

5. Class Ill, Division 1, hazardous locations require 
the same wiring methods as do Class ll, Divi- 
sion 2. Examples would include textile or fabric 
mills as well as enclosed woodworking or 
lumber mills. 

6. Class Ill, Division 2, hazardous locations should 
be wired by methods which exclude dust, lint, 
and fibers. That is, the enclosures, fittings, con- 
duit, cable, and cords should be sealed to keep 
out dust particles, lint, etc. See Fig. 21-11. Ex- 
amples of these type of locations would be tex- 
tile or fabric storage plants. 


ADDITIONAL CONSIDERATIONS 


It is strongly recommended that those wishing to 
install electrical systems in these types of locations 


A 


Fig. 21-12. Portable, plug-in GFCI units are particularly useful 
in areas where GFCls are not part of the permanent wiring. 
These units are easily carried from one location to the next. 
A—Four-outlet plug-in GFCI. B— Single outlet portable GFCI. 
C—Handy GFCI tester. (Harvey Hubbell Inc.) 


consult the National Electrical Code, power authori- 
ty, and local inspector for more complete informa- 
tion and suggestions. More often than not, certain 
facilities have areas which fall under more than one 
class and division of the hazardous locations classi- 
fying scheme. Each portion of such a facility must 
be wired accordingly. Usually commercial garages, 
aircraft hangers, and service stations will fall under 
several classifications. 


GARAGES AND OUTBUILDINGS 


Garages and outbuildings will usually require 
special wiring for two reasons: 

1. These structures are often built below grade. 
This factor entitles these structures to special 
electrical consideration as they are often damp, 
if not wet. 

2. Garages and outbuildings are not often con- 
tiguous (attached) to the main portion of the 
residential or commercial structure. Therefore, 
they must have separate (sub-feed) power 
panels. 


CIRCUITS, FIXTURES, AND RECEPTACLES 


In most cases, the garage or outbuilding should 
have circuits which are separate from the main 
structure. This remains true whether the garage or 
outbuilding is physically attached to it or not. 

Each structure should have at least one lighting 
and one receptacle outlet circuit. The lighting fix- 
tures should be overhead, switched, and in suffi- 
cient number to clearly light the entire area. 

The receptacle outlets should be spaced, as in the 
main dwelling, no more than 12 ft. These should 
be installed at about 50 in. from the floor. Each 
should have ground fault circuit interrupter protec- 
tion. GFCls are required for garage receptacles. * 


*Except for those receptacles dedicated to a freezer or similar permanent appliance, 
or one which serves a garage door opener unit. 
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Fig. 21-13. Garage receptacles and lighting outlet layout. 


They would be advisable in outbindings too, Fig. 
21-12. 

A garage layout might look like the one in Fig. 
21-13. Note the use of GFCls and cable routes. 


SUB-PANEL POWER SOURCE 


As stated earlier in the text, sub-panels fed from 
the main service equipment will be the four-wire 
type. Two are hot wires; a third is neutral, and a 
fourth is a grounding conductor. The latter must be 
isolated from the neutral at the sub-panel. Sub- 
panels will usually have provisions for four to six 
circuits. 


EMERGENCY AND STANDBY SYSTEMS 


Certain public structures are required to have a 
second wiring system which takes over when the 
regular electrical power source is not functioning. 
The National Electrical Code identifies two separate 
systems: emergency systems and standby systems. 
Requirements for the systems are outlined in Ar- 
ticles 700-702. 


EMERGENCY SYSTEMS 


Emergency systems are those legally required for 
emergency power by a municipal, state, or federal 
governmental agency. Emergency systems are in- 
tended to automatically supply enough power to 
assure the safety of a building's occupants during 
a power failure, Fig. 21-14. 


LOCATIONS 


Emergency systems are required mostly in places 
such as health care facilities (like hospitals) for fire 
detection and fire alarm systems, elevator opera- 
tion, fire pump units, public safety communication 
systems, essential ventilating systems, and any 
other building services whose failure to operate 
could produce a serious threat to life. 


STANDBY SOURCE NORMAL SOURCE 
GENERATOR UTILITY 


STANDBY SOURCE NORMAL SOURCE 
PROTECTIVE DEVICE PROTECTIVE DEVICE 
FUSES OR BREAKERS FUSES OR BREAKERS 


a “AUTOMATIC” 
TRANSFER 
SWITCH 
FACILITY 
LOAD 


Fig. 21-14. Schematic of emergency power systems which 

automatically energize when power is interrupted. Note that 

the generator unit, as well as the regular source, has overcur- 
rent protection in the form of fuses or breakers. 
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Fig. 21-15. General overall arrangement of emergency power, 
supply equipment in relation to service disconnect and meter- 
ing equipment. 


MAINTENANCE AND TESTING 


Emergency systems must be monitored and main- 
tained. They will require periodic testing by the 
authority in charge. What this means is that, every 
month or two, the system(s) will be activated for 
several minutes to assure proper functioning in the 
event of an actual current interruption. 


CURRENT CAPACITY 


The amperage rating or capacity of the system 
should be at least enough to operate those devices 
(such as lights, elevators, etc.), which are a must 
during a power failure. Emergency systems are 
available, which can supply upwards of 500,000 
kVA. 


EMERGENCY SWITCHING LOCATION 
AND ACCESSIBILITY 


The transfer switch for emergency systems, 
should be located ahead of the main service discon- 
nect, Fig. 21-15, unless contrary to the Code 
authority in charge. Further, the transfer equipment 
for these systems, should be located in a place 
which is easily accessible to those persons in charge 
of controlling such systems. At the same time, 
some type of provision should be made to keep 
unauthorized persons out. 


CIRCUIT WIRING FOR EMERGENCY SYSTEMS 
The National Electrical Code requires that wiring 


from an emergency source and overcurrent protec- 
tion to emergency loads be kept completely 
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separate from all other wiring and equipment. It is 
not permitted to carry parts of the emergency system 
in the same raceway, cable, box, or cabinet with other 
wiring. However, Section 700.9 of the NEC allows 
several exceptions to the regulation. 


LEGALLY REQUIRED STANDBY SYSTEMS 


These systems, are discussed in Article 701 of 
the Code. They serve loads necessary to the nor- 
mal operation of vital building systems. Sewage 
disposal, heating, refrigeration, Communication, 
ventilation and smoke removal, lighting, and other 
systems, if stopped, could cause great hazards to 
occupants and could also hamper fire-fighting ef- 
forts. In most other respects, the standby system 
is arranged, controlled, tested, and maintained in 
a fashion similar to the emergency system. 


OPTIONAL STANDBY POWER 


Many individuals want their residences and com- 
mercial properties to have some form of standby 
power in the event of a power outage. These 
systems are not legally required since a power 
failure at the residence or private business location 
does not represent a life-endangering situation. 

Nonetheless, there are situations where loss of 
heating, refrigeration, data processing, and com- 
mercial industrial processing capability could result 
in great losses. This is particularly true with 
businesses such as computer processing centers, 
bakeries, ice cream manufacture or distribution 
facilities, frozen food packing, or preparation plants 
and dairy farms. 


GENERAL TYPES OF EMERGENCY 
POWER EQUIPMENT 


Emergency power equipment is almost always 
tied to a gasoline or diesel engine powered 
generator. These are rated from 2 kW-100 kW, 
or higher for large structures. See Fig. 21-16. They 
may be manually or automatically activated, Fig. 
21-17. The generator may be self contained and 
either fixed or portable. On farms, the generators 
are often driven by a tractor with a PTO (power 
take-off). In addition, these generators may be used 
to supply single or three-phase power. 


GENERAL CONNECTION PROCEDURES 


Emergency and standby power systems must be 
connected to the electrical installation in such a 
manner that their power is isolated from the main 
power supply and vice versa. That is, it must be ar- 
ranged so that an inadvertent interconnection to the 
normal source of supply cannot occur. 
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Fig. 21-16. Emergency generating units may be rated from 2 kW to 50 kW. A—Gasoline, 30 kW. B—Diesel 8.5 
(Kohler Co.) 


kW. 


This is accomplished by using a double pole, dou- 
ble throw switch similar to the automatic one shown 
in Fig. 21-17. The nonautomatic switch in Fig. 
21-18 does the same job and complies with Code. 


Fig. 21-17. Automatic transfer switch reacts almost instantly 

to regular power failure. It is easily installed and reliably ac- 

tivates the emergency system. This one has solid-state con- 
trol panel. (Automatic Switch Co.) 
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TELEPHONE WIRING 


A Federal Communications Commission ruling in 
1977 makes it possible for persons, other than 
telephone company employees, to install telephone 
equipment. At the same time, the equipment, once 
available only at the phone company, is manufac- 
tured and sold by many different commercial firms. 


BASIC TELEPHONE SYSTEM 


Telephone service receives its power from a 
local telephone exchange called a central office. 
The telephone connection from the building to the 
central office is called the /oca/ loop. The 
telephone conductors or ‘‘lines’’ are actually two 
wires called a cable pair. At the central office, the 
wires are connected to and powered by a battery, 
which supplies a direct current to operate the tele- 
phone equipment. 

As shown in Fig. 271-19, distribution lines can be 
run overhead on poles or buried in the ground. Many 
cable pairs are bundled together in large cables to 
carry telephone service to area customers. 

A cable termination box is the enclosure where 
connections are made for the cable pair coming from 
each building or dwelling. It is found in both above- 
ground and below-ground installation. 

Cable pairs from the building actually terminate 
at a protector. This is a device that protects the 
cable pair from high voltage should lightning strike 
the wires. 
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Fig. 21-18. A simple double-pole, double-throw switch will accomplish the transfer from standard to emergency supply. Note 
the continuous, unswitched, neutral conductor. A— Schematic. B— Simplified drawing of a transfer switch mechanism. C— 


Actual switch. 


From the single protector, the cable pair enters 
the building. They may go: 
1. Directly through the wall. 
2. Feed through a roof overhang (soffit or rake) 
into an attic. 
3. Through a wall into a basement. 
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(Wadsworth Electric Mfg. Co., Inc.) 


The cable pair usually connects to a terminal block 
or network interface device inside the building. This 
terminal is sometimes called a 42A block, a modular 
interface, or a modular outlet. It is the junction point 
for all the telephones in the building. All wire pairs 
for each phone can connect to this terminal. 
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Fig. 21-19. Typical telephone systems. Phones are powered by central office of phone company. A— Overhead 
system. B—Underground system. 
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OPERATION OF EQUIPMENT 


Two or more telephones can function on a cir- 
cuit as easily as one. Additional telephones may be 
connected in one of the patterns shown in Fig. 
21-20. Phones are always connected in parallel 
with each other. The two standard types of phones 
in use are the push-button and rotary dial. These 
are available in numerous sizes, shapes, colors, and 
styles both for wall and desk applications. 


Safety 


There is little danger of electrical shock from the 
telephone’s own voltage. When the unit is not ring- 
ing, 48 V dc is present. Operating the phone signal 
requires from 85 to 90 V ac. This voltage, ac and 
dc, is supplied by the telephone company. 

The higher alternating current voltage is unpleas- 
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Fig. 21-20. Phones are always hooked up in parallel in these 

patterns. A—All cable pairs start at the same terminal block. 

B—Additional phones are added by connecting them to the ter- 
minals of another phone. C—A combination of A and B. 
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ant but not harmful. To avoid it, take the receiver 

off the hook when working on the system. 

Regardless of the lower voltages in telephone 
systems, it is advisable to avoid the possibility of 
shock by taking precautions: 

1. Be sure that your inside wiring is not hooked up 
to the network interface. This ensures there is 
no power to the system. 

2. If, for some reason this cannot be done, then 
use screwdrivers, cutters, and strippers with in- 
sulated handles. Avoid touching screw terminals 
or bare conductors with your hands. 

Use care in drilling through walls, floors, or ceil- 
ings. Avoid areas where there might be electrical 
wiring, gas pipes, steam pipes, or water pipes. 

When working on existing telephone wiring 
disconnect any transformer which might be supply- 
ing step-down voltage for dial lighting. 

Keep telephone wiring at least 2 to 6 in. away 
from power Circuits in the building. Keep jacks away 
from locations such as tubs, showers, swimming 
pools, and laundry areas. Telephones should not be 
used where the body will be in touch with water. 

Never remove protectors or grounding means 
placed by the telephone company. Do not modify 
these installations or make any connection to them. 

To avoid high voltage shock, keep telephone 
cable pairs away from accidental contact with 120 
or 240 V line current. Carefully read Article 800 
of the National Electrical Code. 


MATERIALS AND TOOLS 


Materials for installing telephone equipment in- 
clude special types of cable, small terminal blocks, 
modular plugs, and jacks. Tools include fish tapes, 
test meters, and machines for installing cable 
underground. 


Wire types 


Telephone wire and cable is designed for either 
indoor or outdoor use. Outdoor cable avoids the use 
of any fibrous insulation material that is not 
weatherproof. 

Indoor wiring is of three kinds: 

1. Solid wire. 
2. Stranded wire. 
3. Spiral ribbon stranded wire. 

The spiral ribbon type is difficult to work with 
because its strands are fragile. It requires a tool that 
pierces the insulation without removing it. Fig. 
21-21 shows both wire and tool. 

Solid and stranded wire can be attached to ter- 
minal screws in a manner similar to conductors for 
120 and 240 V electrical systems. Solder is not 
recommended as it makes later disassembly difficult 
and slow. 
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Fig. 21-21. A—Cable containing four spiral ribbon stranded 
wires is used for indoor extensions. B—Terminals cannot be 
attached without a special holding and crimping tool. Ribbons 
tend to unravel when insulation is removed. 
(Gemini Industries Inc.) 


Terminal blocks 


Modern terminal blocks are easy to use. Refer to 
Fig. 21-22. Blocks can be used to convert the older 
terminal screw type of blocks to the modular 
system. Blocks should be attached to ceiling or floor 
joists in attic or basement. 

When attaching cable pairs leave some slack in 
the wires so wires will not pull loose from the block. 


Color coding 


Terminal and cable pairs are color coded. In four- 
wire cable the wire colors are usually black, green, 
red, and yellow. Terminal screws are coded accord- 
ingly. Most blocks allow you to run cable pairs for 
as many as four phones. 


Boxes 


Some installers may use standard electrical boxes 
for termination points. See Fig. 21-23. These may 
be convenient to use in new construction but are 
not necessary. Voltages are low so that terminal 
blocks are commonly used instead. Because of the 
lower voltages found in telephone systems, boxes 
are not required at junctions. 


Wall plates 


Wall plates may be either metal or plastic. Usually 
the plate supports a wall phone. See Fig. 21-24. 
The wall plate has two pins with special heads 
designed to fit the slots on the phone’s mounting 
base. The pins may be used as ground. If you 
change plates, you may need to connect a ground 
wire to the pins. 
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Fig. 21-22. Typical telephone connectors. A— Screw ter- 

minals accept lines for up to four phones. B—A three-way or 

Y modular jack. It allows three modular plugs to be connected 

together. C—A three way Y with a long extension cord. D— 

Adapter which converts an old style four-prong jack to fit a 

modular terminal. (Gemini Industries Inc.) E—Modular interface. 
It has pivoting cover to keep out dirt. 
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OLD WORK 


Fig. 21-23. In new construction, standard electrical boxes are 

often used for concealed telephone wiring. Boxes support wall 

phones or special plates are used with provision for modular 
connections. (Allied Moulded Products, Inc.) 


Tools 


A useful tool for telephone installation is the fish 
tape. This is illustrated in Chapter 4. It makes con- 
cealed telephone wiring possible in old work. Two 
or more tapes can be used to fish wires through 
hollow walls. If a second tape is not available, a 
weighted string can be lowered inside the wall. The 


MODULAR 
WALL PLATE 


fish tape can then be used to hook the string 
through the hole, Fig. 21-25. 

A drill bit with a hole drilled near the tip is another 
time-saver, Fig. 21-26. Before the bit is removed 
from a drilled hole, thread a fine wire or string 
through the hole in the bit. When the bit is removed 
from the hole the wire or string is also pulled 
through. 

A multimeter, pictured in Fig. 20-1, will help trace 
wires and find loose connections. It will also help 
check a transformer for dial lighting. 


INSTALLING INDOOR TELEPHONE WIRING 


The indoor telephone wiring system is that part 
of the system that starts from the network inter- 
face and provides service to all the phones in the 
building. The network interface is the jack or ter- 
minal where the telephone company installation ter- 
minates. It is usually conveniently located where it 
can be connected to the house phone wiring. See 
Fig. 21-27. 

When indoor wiring is completed a final connec- 
tion is made between the network interface and the 
customer's jack. You are permitted to make modular 
plug connections between the two boxes. However, 
only the telephone company can make connections 
inside the company protector or network interface. 
See Fig. 21-28. 


PHONE WIRING PLAN 


Not all telephone installations will have or require 
a plan. It is customary on new installations. If there 
is one, Fig. 21-29, check it carefully. No more than 
five phones can be installed without overloading the 


MOUNTING 
CRADLE 


Fig. 21-24. Type of wall plate which can be attached to a box. Note two different styles of plate adapters for wall mount- 
ing of phones. 
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incoming phone circuit. However, it is best to in- 
stall a jack in each room in any new construction. 
The savings in time and convenience is well worth 
the extra initial cost to the customer. 


NEW CONSTRUCTION 


In new construction, the telephone wiring should 
be installed before application of drywall or panel- 
ing. Start the wiring at the jack/junction installed 
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Fig. 21-25. Pulling wires through inaccessible places with aid 
of string and fish tape. Note weight on string. 
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Fig. 21-26. Drilling holes to conceal wiring. Note use of bit 
with hole drilled near its point. Thread light wire or string 
through hole in drill and pull drill back through the drilled hole. 
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near the network interface. If outlet boxes are re- 
quired by local code, be sure to allow them to ex- 
tend beyond the stud the thickness of the wall 
covering materials. It is not necessary to attach the 
telephone wire to the stud. This will make it easier 
to replace or remove during possible later reloca- 
tion. Allow about 6 in. of wire inside the outlet for 
your connections. 

Be sure to check local codes. Some may require 
conduit for concealed wiring. 
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Fig. 21-27. Usually telephone workers will bring phone ser- 

vice into the building. The network interface is the junction 

point for outside and inside wiring. Normally, the network in- 

terface will be located in a garage, basement, or other indoor 
service area. 
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Fig. 21-28. Typical connections between the network inter- 

face and indoor telephone system. This connection should be 

made last to avoid the discomfort of shock while working on 
the system. 
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Fig. 21-29. Residential floor plan. Electrical and telephone locations are marked. Care should be taken to keep telephone 
wiring away from electrical wires and electrical devices. The triangle is a symbol for a telephone. 


Desk phones require that outlets be placed nearer 
the floor at the same height as the electrical outlets. 
See Fig. 21-30. 

Wall phone outlets should be about 56 in. from 
the bottom of the outlet to the floor. Over counters, 
allow 10 in. between the bottom of the outlet and 
the counter top. 


OLD WORK 


Installing telephone systems after wall coverings 
are in place entails more care and, sometimes, more 
work. This is especially true when the wiring is to 
be concealed. In these cases use of fish tape and 
string will help pull wires through wall cavities. Refer 
to Figs. 21-25 and 21-26 as well as Chapter 18, 
Electrical Remodeling, for information on pulling 
wires through existing construction. 


CONCEALING SURFACE WIRING 


Wires cannot always be run inside walls. Often 
they are mounted on surfaces. Refer to Fig. 21-31. 
Such wire must be supported. Use 1/4 in. wide 
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staples made for supporting telephone wire. Ìn- 
sulated staples work well and protect the wire. Or- 
dinary staples may be used if they are carefully at- 
tached. Place staples every 3 ft. Do not run the wire 
under carpet or near traffic areas. 
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| 
Fig. 21-30. Proper location of telephone outlet intended for 
a desk phone. Follow same standards as for receptacle outlets. 
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Fig. 21-31. Methods of hiding wires. Left. Outside wire is in 
shadowline of siding. Right. Inside wire routed through a groove 
cut in baseboard. 
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Wires can be made less noticeable if they are 
placed in areas where moldings, casing, grooves in 
paneling or coverings partially or wholly conceal 
them. Wiring can also be run inside cabinets. 


DIAL LIGHT TRANSFORMER 


Telephone cable usually has four wires: red, 
green, yellow, and black. The red and green carry 
the message as well as the 48 V dc and 85 V ac 
signals. The yellow and black can be used for an 
accessory like a lighted dial. Connect a 6 volt step- 
down transformer to the yellow and black lines 
feeding all of the phones, Fig. 21-32. One 
transformer will power all of the dials. 


REPAIRING AND TROUBLESHOOTING 


Suppose that a telephone cable is broken and that 
the break is visible. If the cable is the spiral type, 
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Fig. 21-32. Use four-wire cable to accommodate lighted 
phone dials now or later. Connect 6 V transformer to yellow 
and black wires. 


it can only be spliced with two more modular ter- 
minals, Fig. 21-33. If the break cannot be located, 
replace the entire length of wire. 

If you suspect an electrical short in a phone 
system, use an ohmmeter to find the problem. See 
Figs. 21-34 through 21-36. 

An open circuit is most easily checked by plug- 
ging in a telephone known to be working. Dial tone 
indicates proper wiring. You can also make a short- 
ing loop on a modular plug to use in place of a 
telephone. The ohmmeter will show low resistance 
when loop is placed in any good outlet. It will in- 
dicate very high resistance when loop is placed in 
an open outlet. 


eooo a 
Fig. 21-33. Splicing a spiral ribbon cable requires a pair of 
modular connections. 


REVIEW QUESTIONS — CHAPTER 21 


1. Doorbell, buzzers, and chimes fall under the 
category of circuits. 

2. Conductors which serve the above circuits 
may be run with the full-power circuit conduc- 
tors. True or False? 

3. A Class | hazardous location is one in which: 
a. Ignitable fibers or flyings are present. 

b. Flammable gases or vapors are present. 
c. Combustible dust is present. 

4. Explain what distinguishes Division 1, Hazar- 
dous locations from Division 2 areas. 

5. Explosion-proof enclosures for wiring devices 
are required for: 


a. Class Il, Division 2. Hazardous locations. 
b. Class Il, Division 1. Hazardous locations. 
c. Class Ill, Division 1. Hazardous locations. 
d. All of the above. 

e. None of the above. 


6. Explain the difference between emergency, 
legally required standby, and optional stand- 
by power systems. 

7. By what means is an emergency or standby 
power system isolated from the regular source 
of power supply? 
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Fig. 21-34. Using an ohmmeter to check an open branch cir- 

cuit. (Outlets 5 and 6 are open.) First disconnect other branch 

circuit (Legs A and B). Plug shorting loop into Outlet 6. Ohm- 

meter will show infinite resistance. Shorting loop is moved from 
outlet to outlet to locate open circuit. 


OUTLET 1 SHORT 2 3 


PLUG 


MODULAR 
INTERFACE 


OHMMETER 


Fig. 21-35. Using an ohmmeter to check out a shorted branch 
circuit. With Legs A and B connected to the wiring block 
resistance will drop to zero because of the short in Outlet 2. 


8. Electrical power for the telephone comes from 
(list all correct answers): 
a. 120 and 240 volt service in the building. 
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Fig. 21-36. Locating the short. With malfunctioning circuit 

connected to wiring block, the meter will indicate ‘’zero’’ 

resistance. Starting at the farthest outlet, disconnect a con- 

ducting wire. Move to the next farthest outlet until the ohm- 

meter needle registers ‘‘infinite’’ resistance. The short is in that 
outlet. 


b. Local telephone exchange, called a central 
office. 

c. Batteries at the central office of the tele- 
phone company. 

d. Step-down transformer in building (for dial 
lighting only). 

9. A is a device which protects in- 
coming cable pairs from accidental high 
voltage. 

10. What is the telephone network interface and 
who installs it? 

11. The ringing voltage for a telephone is: 

a. 48 V ac. 
b. 85-90 V ac. 
c. 48 V de. 
d. 85-90 V dc. 

12. Code requirements for telephone installation 
are covered under Article _____ of the Na- 
tional Electrical Code. 

13. What is included in the indoor telephone wir- 
ing system? 

14. No more than telephones can be used 


on one circuit at the same time. 
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Electricians must be familiar with the wiring re- 
quirements for electric motors. They also need to 
know how to order the right replacement when an 
old motor is no longer serviceable. 

Motors operating at 600 V or less are en- 
countered frequently. Motors with higher voltage 
are found in larger commercial and_ industrial 
operations. 


TYPES OF MOTORS 


There are several different types of motors 
available based on their method of operation and 
design. Types include: 

1. DC motors. 
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Fig. 22-1. The motor nameplate gives motor characteristics. 

The code designation, service factor, time rating, and 

temperature rise are important considerations in selecting a 

motor for a given job. Refer to the text for definitions of each 
entry. (Dayton Electric Mfg. Co.) 
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2. Single-phase AC squirrel cage motors. 
3. Polyphase AC motors. 

4. Wound-rotor three-phase motors. 

5. Synchronous motors. 

Although the specific characteristics of these 
motors are beyond the scope of this book, electri- 
cians dealing with motor-run machinery will require 
considerable study and hands-on training before 
they are able to wire, repair, and maintain motors. 
The information in this chapter is general and in- 
troductory in nature. 

Articles 430 and 440 of the National Electrical 
Code should be reviewed carefully before you at- 
tempt to install motors and their associated circuit 
components. These Code articles deal with the 
many concerns and variations of motor circuits. 


MOTOR NAMEPLATE 


One of the most important aids to installing and 
wiring a motor correctly is the information found 
on the motor itself. The nameplate, Fig. 22-1, pro- 
vides a wealth of data regarding the characteristics 
of the motor. 

NEC and NEMA (National Electrical Manufac- 
turers Association) requirements state that all 
motors are to have nameplates providing the follow- 
ing information: name of manufacturer, horsepower 
rating, type, frame number, time rating, rpm rating, 
design letter, frequency (in hertz), number of 
phases, insulation class, load rating in amperes, 
locked rotor code letter, voltage, duty, ambient 
temperature, and service factor. Other information, 
such as serial number, model number, bearing 
numbers, and efficiency ratings are often included. 
This nameplate data should be carefully reviewed 
before setting and wiring a motor. 


NAMEPLATE DATA DEFINITIONS 


Refer to Fig. 22-1 as you read the following 
names and definitions: 
Frame and type—The NEMA designation for frame 
designation and type. 


Horsepower—The power rating of the motor. 
Motor code — Designated by a letter indicating the 
starting current required. The higher the locked-rotor 
kilovolt-ampere (kVa), the higher the starting cur- 
rent surge. 

Cycles, or hertz—The frequency at which the motor 
is designed to be operated. 

Phase—The number of phases on which the motor 
operates. 

Revolutions per minute (rpm)—The speed of the 
motor at full load. 

Voltage—The voltage or voltages of operation. 
Thermal protection—An indication of thermal pro- 
tection provided for the motor, if it has any. 
AMPS (or A)— The rated current (in amperes) at full 
load. 

Time—Time rating of the motor showing the duty 
rating as continuous or as specific period of time 
the motor can be operated. 

Ambient temperature, or temperature rise—The 
maximum ambient temperature at which the motor 
should be operated, or the permissible temperature 
rise of the motor above the ambient air at rated load. 
In Fig. 22-1, this is given in Celsius. 

Service factor—The amount of overload that the 
motor can tolerate on a continuous basis at rated 
voltage and frequency. 

Insulation class—A designation of the insulation 
system used, primarily for convenience in 
rewinding. 

NEMA design—A letter designation for integral 
horsepower motors specifying the motor 
characteristics. 


FRAME NUMBER 


Motors of a given horsepower rating are built in 
a certain size of frame or housing. For standardiza- 
tion, NEMA has assigned the frame size to be used 
for each integral horsepower motor so that shaft 
heights and dimensions will be the same to allow 
motors to be interchanged. See the Technical Sec- 
tion, page 256, for specific frame size designations. 


PROPER OPERATION FACTORS 


For proper operation of an electric motor, the 
supply voltage and frequency (cycles per second 
or hertz) at the motor terminals must match the 
values specified by the manufacturer as closely as 
possible. Performance is best over a range of plus 
or minus 10 percent of rated voltage and 5 percent 
above or below rated frequency. Frequency is usual- 
ly no problem since it rarely varies. 

However, if applied voltage varies too much from 
the nameplate specifications, it will produce 
noticeable changes in the motor torque (turning 
force). Low voltage from inadequate wiring or any 
other cause, can create severe problems. Motor 
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Fig. 22-2. Calculation of voltage drop in a circuit is related to 
the speed and torque of the motor, the length of the branch 
circuit and the size of the conductors. 


starting torque may be too low to start the load and 
keep it moving. The sections following, “Voltage 
Drop” and ‘’Size and Protection of Motor Feeder 
Conductors,’’ describe and demonstrate how to size 
wire properly. 


VOLTAGE DROP 


The greatest allowable voltage drop on a motor 
circuit is basically related to the speed and torque 
of a motor. If, for example, a 230 V motor requires 
a minimum of 224 V for adequate performance, 
then a 6 V drop is the most that is permissible. This 
is easy to check before the actual wire is run. Check- 
ing is advisable, as it will avoid incorrect sizing of 
conductors. Look at Fig. 22-2, for instance. 

The NEC requires this motor to be supplied by 
branch circuit conductors having a capacity of 125 
percent of the full-load current (20 A). Thus: 1.25 
x 20 = 25 A. No. 10 AWG (copper) conductors 
would be required to handle the amperage. 

The resistance of No. 10 copper wire is 1.018 
ohms per 1000 ft. at 77 °F (25 °C). To find the total 
resistance, multiply the resistance per foot (1.018 
divided by 1000) by the number of feet (300): 

1.018 + 1000 = 0.001018 x 300 = 

0.30540 ohms resistance per conductor. Multi- 

plied by 2 = 0.6108 ohms = total resistance 

in two conductors. 

When the full-load current of 20 A is flowing, the 
voltage drop is 20 A x 0.6108 ohms or 12.216 
V. Thus, actual voltage to the motor is only 230 
— 12.216 = 217.784 V. This is inadequate. A 
larger conductor must be used. 

What is needed is a conductor with about half the 
resistance of a No. 10. If you consult Table 8, 
Chapter 9 of the NEC, you will find that a No. 6 cop- 
per conductor has a resistance of 0.410 ohm/1000 
ft. Calculate the voltage drop for the circuit using 
No. 6 wire: 

0.410 ohms x 0.3 = 0.123 ohm/300 ft. for 

each conductor 

0123 x2 = 

conductors 

Therefore, 20A x 0.246 Q = 4.92 V. Subtract 
this voltage drop from the supply voltage: 230 — 


0.246 ohms for two circuit 
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4.92 = 225.08 V. 

Since this size of conductor can carry more than 
the minimum voltage of 224 V, the No. 6 circuit 
conductors are acceptable and should be used. 

One important note: the resistances used in the 
foregoing example are based on an ambient (sur- 
rounding) temperature of 77°F (25°C). Higher 
temperatures will create higher conductor resis- 
tance and, consequently, higher voltage drops. The 
formula used to adjust resistance values in copper 
wire is: 

Rx = R[1 + 0.00385 (tx -— 25)] 

where Rx = the resistance, in ohms, at the am- 

bient temperature tx (°C) 
R = the resistance, in ohms, at 25°C 


SIZE AND PROTECTION OF MOTOR 
FEEDER CONDUCTORS 


The sizing and protection of motor feeder con- 
ductors rests primarily on the type of motor circuit 
involved. For practical purposes, there are four com- 
mon motor circuits. 

1. ‘‘Single motor”’ circuit (circuit serving only one 
motor). 

2. "Multiple motor’’ circuit (circuit serving two or 
more motors). 

3. ‘Motor and other loads”’ circuit (circuit serving 
one or more motors p/us other loads such as 
lighting and appliances). See Fig. 22-3. 

4. Hermetic compressor motor circuit. 

The simplest, of course, is the motor circuit which 
serves only one motor. For this circuit the NEC re- 
quires that the feeder capacity be 125 percent of 
the full-load current rating of the motor. This rating may 
be obtained directly from the motor nameplate or from 
tables found in Article 430 of the NEC. 


FEEDER 


MOTOR 
DISCONNECT 


1-6 MOTOR 1-6 MOTOR 12 AMPS 10 A. APPLIANCE 
120 V. 240 V. RECEPTACLES/ LOAD 
3 HP 5 HP LIGHTING 


Fig. 22-3. Example layout for combination branch circuit 
having motors, receptacle, lighting, and appliance load. 


For example, the circuit conductors supplying a 30 
hp 460 V three-phase wound rotor motor is found as 
follows: 

1. From the NEC Table 430.150, the full-load cur- 
rent rating is shown to be 40 A. 

2. The branch-circuit conductors for continuous 
safe operation must be 125 percent of this rating 
or 50 A. 

3. Thus, the conductors for this circuit must be no 
smaller than No. 6 AWG copper (THW, RHW, 
THHN, RHH or TW) as shown in Table 310.16 of 
the National Electrical Code. 

When aluminum circuit conductors are used, then 
No. 4 AWG types TW, THW, RHH, THHN or XHHW 
would be suitable. (Again, refer to NEC Table 
310.16.) 


CIRCUIT PROTECTION 


Protection for motor circuits is provided by an 
overload relay within the motor starter, itself, and 
with adequate fuses or circuit breakers at the panel. 
These, too, must be properly sized following NEC 
guidelines. Accordingly, running overload protection 
in the starter must have a rating or setting of not 
more than 125 percent of the motor full-load 
current. Fusing or circuit breaker requirements are 
found in Section 430.52 of the Code. The maximum 
fuse or breaker size permitted for short-circuit or 
ground fault protection is 150 percent of the full- 
load current rating. Thus, 60 A fuses or breakers 
are permitted. 

For example, look at Fig. 22-4. Note that pro- 
cedure for determining conductor size and protec- 
tion is the same as for the larger motor used in our 
pervious example. It makes no difference that the 
motor type and supply voltage are different. 


DUAL-ELEMENT FUSES 


Dual-element fuses are designed mainly for 
motor-circuit protection. The fuse blows and opens 
the circuit when either of two elements inside 
opens. This occurs during the following circuit 
faults: 

1. Overloads. A time-delay element made from an 
alloy melts to open the circuit. 

2. Short circuits. Links on either side or end of the 
fuse blow in a fraction of an alternating current 
cycle. 

Dual-element fuses have several advantages over 
single element fuses. 

1. They may be used or selected to closely match 
the actual motor running because they do not 
blow on harmless momentary overloads. 
Therefore, there is less nuisance blowing. 

2. Their low let-through current prevents the fault 
current from reaching destructive levels in the 
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SQUIRREL-CAGE 
MOTOR 


3 CONDUCTORS 
IN METAL 
CONDUIT 


460 V, 3 PHASE 
PANEL 


Full load motor current is 14 amperes. 
(From Code Table 430.150) 


Motor circuit conductors must be capable 
of carrying at least 18 amperes. 
(125% x 14) 


Conductors must be no smaller than No. 12 
AWG CU. or No. 10 AWG AL. Types TW, THW, 
THHN, RHH, etc. (From Code Table 310.16) 


Overload protection in the motor starter must be 
rated no higher than 125% of the full-load 
current. This would equal 17.5 amperes. A 

20 A overload device is acceptable since it is 
the next higher standard rating. 


Code Table 430.52 shows short-circuit and 

ground-fault protection is to be 300% of the 

full-load current. 300% x 14 = 42 ampere. 

The next hiaher standard fuse or breaker is 45 ampere. 


Fig. 22-4. Steps for determining adequate overcurrent protec- 
tion and ground-fault protection for a circuit. 


more vulnerable branch circuits and associated 
equipment. This would be less possible with 
ordinary single-element fuses, or where more 
costly fuses are not justified. 

3. They can be more closely matched to the pro- 
tective wiring and equipment because they are 
not subject to nuisance blowing. Therefore, the 
equipment used can be more compact and less 
expensive. 

4. They are ideally suited for protection of coils, 
relays, solenoids, and other magnetic equipment 
because the time-delay element will not blow 
on a momentary inrush current. Yet, they will 
blow if the overload is sustained. 


GENERAL LAYOUT 


Fig. 22-5 shows the general layout acceptable 
for a single motor branch circuit. This circuit must 
provide: 

1. Conductors rated at 125 percent of the motor 
full-load current. 

2. Circuit overcurrent protection in the form of 
fuses or breakers. 


LINE 
VOLTAGE 


Fuses or circuit breakers (branch circuit overcurrent 
devices) 


Circuit conductors having ampacity not less than 125% 
of the motor full-load current rating. 


Disconnect shall be within sight of the controller. Must 
disconnect both the motor and the controller. 


*For stationary motors of 1/8 hp or less the branch cir- 
cuit protective device (fuse or breaker) may be the 
controller. 


*For portable motors 1/3 hp or less, the attachment 
plug and receptacle is a suitable controller. 


* Fuses or circuit breakers may serve as the disconnec- 
ting means IF the motor is stationary and LESS than 
1/8 hp. 


*Controller with overload protection. Usually rated or 
set at 125% of the motor full-load current. Controller 
must be either within sight from the motor OR the con- 
troller disconnecting means must be capable of being 
locked in the open position. 


Fig. 22-5. This layout provides all NEC requirements for motor 
circuit components. 


motor controller with overload protection. 
disconnect means. 


Pr 


GENERAL PURPOSE CIRCUIT GUIDE 


Follow these general guidelines: 

1. When each motor is 1 hp or 6 A or less, the cir- 
cuit will require 20 A/125 V or smaller fuse or 
breaker; or 10 A/250 V. See Fig. 22-6. 

2. Larger motors require a controller and overcur- 
rent protection ‘‘approved for group installa- 
tion.” 

3. Cord and plug connection is permitted. A 15 A 
circuit with fuse or circuit breaker protection is 
suitable for motors of 1/3 hp or less, Fig. 22-7. 


MOTOR BRANCH CIRCUIT 


1. Each motor needs motor running overcurrent 
protection and this protection must not exceed 
the amperage stamped on “approved for group 
installation” overcurrent device of the smallest 
motor on the branch circuit. 

2. Each motor may have individual disconnect 
means. 

3. However, a single disconnect is alright on 
several motors if: 

a. All the motors are part of one machine. 
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B 


20 AMPERE 
MAX 


Fig. 22-6. When each motor on the circuit is 1 hp or 6 A or 
less, the circuit shall be protected by a 20 A fuse. 


b. Disconnect is in sight of all motors (motors 

all in same room). 

c. Allmotors are 6 A or less and less than 300 V. 

Conductors supplying two or more motors must 

have a current rating not less than 125 percent of 

the full-load current rating of the largest motor plus 
the sum of the other motors on the circuit. 


CONTROLLER REQUIREMENTS 


Motors must be provided with some type of con- 
trol. The NEC defines a motor controller as a switch 
or other device normally used for starting and stop- 
ping a motor. The controller must be protected 
against short-circuit current damage. There are 
numerous options available to meet the require- 
ment. The method used depends primarily on the 
size and type of motor. 


CONTROL METHODS 


On small, single-phase motors, the overcurrent 
device (fuse or circuit breaker) may serve as the 
controller for motors rated not more than 1/8 hp 
which are stationary and normally left running. See 
Fig. 22-8. A good example would be a clock motor. 

For motors up to and including 2 hp, the controller 
may be a switch. This switch should be of the 
general-use type and have a current capacity of at 
least twice the full-load current rating of the motor. 
The switch may also serve as the disconnect. Fig. 
22-9 shows a Suitable switch. 

The circuit breaker for a branch circuit may serve 
as the controller. However, the longer delay prior 
to opening may permit a fault current to damage 
the controller or the motor. The circuit breaker may 
also serve as the disconnect. 

A cord and plug arrangement may serve as the 
controller for motors at or less than 1/3 hp, Fig. 
22-10. The same arrangement may also serve as 
the disconnect. 


SEALED HERMETIC MOTORS 


Motors which are hermetically sealed inside a 
refrigerating or air conditioning system have low 
operating temperatures and stay cool during nor- 
mal operation. They can handle heavier loads than 
general purpose motors because of this tempera- 
ture advantage. Such motors are not rated in horse- 
power but in terms of full-load current and/or 
locked-rotor current. 

Controller selection is often determined from NEC 
Tables 430.147 through 430.151(B) by checking the 
horsepower equivalent. Tables 430.151(A) and (B) will 
give the horsepower equivalent for locked-rotor cur- 
rent ratings. The larger of the two values derived from 
the tables should be used to find the controller rating. 
(The nameplate provides full-load and locked-rotor 
current ratings.) If exact current values are not given 
in the charts, then go to the next higher current in the 
table to find the horsepower rating. 


15A/125 V 
CKT 
CORD 
AND PLUG 
ATTACHMENT 


1/3 HP OR LESS 


Fig. 22-7. General purpose circuit. Cord and plug are per- 
mitted. 15 A fuse or breaker protection is acceptable for motors 
of 1/3 hp or less. 


FUSE 


120 V 
1/8 HP OR LESS 


Fig. 22-8. Onsmall, single-phase motors, overcurrent device 
may serve as the controller for motors of 1/8 hp or less. 


GENERAL USE 
AC SNAP 
120 V SWITCH 
2 HP OR LESS 


Fig. 22-9. A switch may serve as the controller for motors 
up to 2 hp. Switch should be of the general-use type. 


CORD 
AND 
PLUG 


IN THIS CASE THE MOTOR IS PROTECTED 
BY THE BRANCH CKT OVERCURRENT DEVICE 


1/3 HP OR LESS 


Fig. 22-10. Cord and plug may serve as controller of motors 
having less than 1/3 hp. 
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Some controllers are rated in full-load current or 
locked-rotor current. In such cases, the horsepower 
equivalent is not needed. 


SAMPLE PROBLEM 


For example, what is the correct size of controller for 

a 230 V three-phase wound-rotor motor which has a 

nameplate showing 90 A locked rotor and full-load cur- 

rent of 25.3 A? Find the full-load current and 90 A 

locked-rotor current of this motor: 

1. From Table 430.150 find the full-load amper- 
age. The next full-load amperage above 25.3 
is 28. This indicates a horsepower equivalent 
of 10. 

2. From Table 430.151(B) the next higher locked- 
rotor amperage shown is 92. This indicates a 5 hp 
equivalent. Since the higher hp value is to be 
used, the controller must be rated for 10 hp. 


MOTOR DUTY 


Motor design has an influence on the capacities 
of the controller and fuses used with a motor. All 
electric motors are designed for either: 

1. Continuous duty. 
2. Limited duty. 

Those designed for continuous duty will deliver 
the rated horespower for an indefinite period 
without overheating. General purpose motors 
should always be the continuous-duty type. 

Limited-duty motors will deliver rated horsepower 
for a specified period of time but cannot be operated 
continuously at the rated load. A limited-duty motor 
is one used to operate valves, pumps, or elevators. 
If its operating period is extended, a limited-duty 
motor will overheat and may burn out prematurely. 


SELECTING THE PROPER SIZE DISCONNECT 


Before discussing proper disconnect sizing, we 
must first deal with several definitions: 
Rated-load current—The current resulting when a 

motor-compressor is operated at the rated load, 

rated voltage, and rated frequency of the equip- 
ment it serves. The rated-load current is indicated 
on the nameplate of the motor. 

Branch-circuit selection current— The current value, 
in amperes, to be used instead of the rated-load 
current to determine branch circuit conductor, 
disconnecting means, and controller and fault 
device ratings. This value is always greater than 
the rated-load current. 

The disconnecting means rating for a hermetic 
motor shall be 115 percent of the nameplate rated- 
load current or the branch-circuit selection current, 
whichever is greater. The equivalent horsepower is 
determined in the same way as described earlier for 


determining controller horsepower. Again, the larger 
value is the one used to select the proper 
disconnect. 


SIZING CIRCUIT COMPONENTS FOR 
COMBINATION LOADS 


The circuit shown in Fig. 22-11 includes two 
1 1/2 hp, one 7 1/2 hp, and one 10 hp squirrel- 
cage motor plus a lighting load of 26,000 VA. The 
supply consists of a four-wire, three phase, 
120/240 V delta transformer. In order to properly 
install this circuit we must determine: 
Conductor ampacities. 
Conductor types and sizes. 
Conduit sizes and fill. 
Switch requirements and sizes. 
Overcurrent protection—fuses or circuit breaker 
capacities. 


age oa re 


Step-by-step method 


The procedures which follow illustrate how to find 
the values needed. This step-by-step way is only an 
example of one method. It should be mastered 
by every electrician, however, as it is quick and 
practical. Furthermore, the method can be applied 
to many power/lighting combination circuits. 

Continue referring to Fig. 22-11 as you work 
through the following steps: 

1. Determine the full-load current for each motor. 
From NEC Table 430.150: 
1 1/2 hp = 6 amperes 
7 1/2 hp = 22 amperes 
10 hp =28 amperes 
2. Calculate the main motor feeder capacity and 
conductor size. 
(Refer to NEC Section 430.24.) 
(2) 11/2 hp @ 6 amperes = 12 amperes 
(1)71/2 hp @ 22 amperes = 22 amperes 
(1) 10 hp @ 28 amperes x 125% = 
35 amperes (This is the largest motor) 
TOTAL = 69 amperes 
Three No. 6 AWG (copper) conductors, type 
THHN, (NEC Table 310.16) will work well. These 
should be installed in 1 in. conduit. (See NEC 
Annex C, Table C1. 
3. Find motor feeder protection rating. 
(Refer to NEC Sections 430.62, 430.24, and 
430.52.) 
(2) 1 1/2 hp @ 6 amperes each = 
12 amperes 
(1) 7 1/2 hp @ 22 amperes = 
22 amperes 
(1) 10 hp 
70 amperes 


@ 28 amperes x 250% = 


TOTAL = 104 amperes 
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4 WIRE, 3 PHASE 
230 V SOURCE 


Step 1. Find full-load current for each motor. 

Step 2. Calculate main motor feeder capacity & conductor size. 
Step 3. Find motor feeder protection rating. 

Step 4. Determine lighting load. 

Step 5. Find combined feeder load. 

Step 6. Size combined feeder switch and overcurrent device rating. 


LIGHTING FEEDER 
OVERCURRENT LIGHTING 
DEVICE FEEDER 
SWITCH 


LIGHTING 
LOAD 


MOTOR FEEDER SWITCH 


MOTOR FEEDER 
OVERCURRENT 
PROTECTION 


MAIN SWITCH 


MAIN OVERLOAD 
PROTECTION 


Fig. 22-11. Sizing circuit for combination loads. 


Therefore, the main motor feeder protection 69 amperes. A No. 4 AWG TW or THW will be 
should consist of a 100 ampere switch having 100 adequate. 


ampere fuses. These fuses should be the time-delay 
type. 


4. Determine the lighting load. 
26,000 VA 
240 V 
Use three No. 2 AWG (copper) THW or No. 3 
AWG THHN conductors in 1 1/4 in. conduit and 
provide feeder protection consisting of a 200 
ampere switch with 110 amperes fuses in each 6 
hot leg. 
5. Find combined feeder load. 
Note that, of the three main feeder conductors, 
two will carry both the motor and lighting loads 
while one conductor will carry only a motor load. 
The two phase conductors carrying the com- 
bined motor and lighting load will need a 
minimum current capacity consisting of: 


= 108.7 amperes 


69 amperes for motor load 
+ 108.7 amperes for lighting load 
177.7 amperes, TOTAL 
Each of these phase conductors must be ade- 
quately sized. No. 3/0 AWG THW is best suited. 
The remaining phase conductor serves only the 
motor load and will need a capacity equal to 
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The neutral (for the lighting load) must be rated 
to carry the maximum unbalance between it and 
the hot leg (108.7 amperes). Use a No. 2 AWG 
THW or No. 3 AWG THHN conductor (Refer to 
NEC Table 310.16.) 

The four main feeder conductors (two No. 2/0 

THHN, one No. 4/0 THW, and one No. 2/0 THW) 
should be run in 2 in. conduit. This is well within 
the NEC Chapter 9, Table 1 guidelines. 
Size the combined feeder switch and overcurrent 
devices. Since two of the phase conductors will 
carry a 177.7 ampere load and the other a 69 
ampere load, the main feeder switch should be 
rated at 200 amperes. 

Overcurrent protection for the phase conduc- 
tors carrying both the lighting and motor loads will 
be sized at 225 amperes (NEC, 430.63): 

motor current draw = 104 amperes 

light current draw = 108.7 amperes 

Total draw = 212.7 amperes 

(next higher fuse rating is 225 A) 

A fuse or breaker supplying 110 amperes of 
overcurrent protection must be used for the hot 
leg which carries only the motor load (104 
amperes). 
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INSULATION SYSTEMS FOR SMALL MOTORS 


Four insulation systems are available for small in- 
duction motors. They are as follows: 


Maximum (Hot Spot) 


System Continuous 
Temperature 
Class A Om? C (2209F) 
Class B 130°C (266 °F) 
Class F oo C (31 Ae) 
Class H 1041C (856 F) 
Temperature limits are established by two 
agencies: 
1. Underwriters Laboratories—to protect against 


fire hazards. 
2. National Electrical Manufacturers Association 

(NEMA)—to assure adequate motor life. 

Nameplate data generally give the allowable or 

maximum temperature rise above the ambient (sur- 
rounding) air for motor operation. If these are 
observed, the hot spot temperature of the motor 
should remain within the specified value for the in- 
sulation system used. Normai maximum ambient 
temperature is 40°C (104°F) for most motor 
ratings. 


PRESS 
V-BELT 
NO CROSS 
SECTION 
GC) se (+) Fi 
TOO TIGHT 


12.0 to 
13.5 to 
16.0 to 


21.610240 | o 


VERY LOOSE BELT NOT SEATED IN VEE 


A 

Cc 
5V 
8v 


25m toS 1200 to 3600 
3.51 to 4.50 900 to 1800 
PRESS 4.51 to 6.0 900 to 1800 


7.0to 9.0 600 to 1500 8 13 

9.1 to 12.0 600 to 1200 9.5 14 
adhe ee paei 12.1 to 16.0 400 to 900 11.0 15.0 
o m 12.5 to 17.0 400 to 900 .O to 4. 22.0 31.0 
17.1 to 24.0 200 to 700 2.0 to 4. 230 34.0 


SOME SLACK IN BELT AND 
SEATED IN PULLEY VEES 


SMALL SHEAVE 
DIAMETER 


1 
1 
22. 


MOTOR INSTALLATION TIPS 


Proper installation of an electrical motor is essen- 
tial for satisfactory operation, maximum service, 
and personal safety. The installation and wiring 
should conform to the recommendations of the Na- 
tional Electrical Code, and to any local code. 


CAUSES OF MOTOR FAILURE 


A motor properly selected, installed, and used can 
give many years of satisfactory service. Failures are 
most often due to overheating, moisture, bearing 
failure, or starting mechanism failure. Preventive 
maintenance and proper motor loading are the best 
insurance against motor failure. Motor life is pro- 
longed by keeping the motor cool, dry, clean, and 
lubricated. 


Overheating 


Heat is one of the most destructive agents and 
can cause premature motor failure. Overheating oc- 
curs because of motor overloading, low voltage at 
the motor terminals, excessive ambient temper- 
atures, or poor cooling caused by accumulation 
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Fig. 22-12. Left. Proper procedure for adjusting V-belt tension. Apply pressure at right angle to the belt midway between pulleys. 
Right. Recommended force for 1/64 in. deflection in V-belt for each inch of span. 
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of dirt or lack of ventilation. If heat is not dissi- 
pated, insulation failure can result, ruining the 
motor. 


Moisture 


Moisture should be kept from entering a motor. 
Cover it to protect it from the weather, particularly 
during periods when it is not used. 


Bearing failure 


Bearings should be kept properly lubricated. Bear- 
ings may fail (seize) in unused motors that are not 
rotated for extended periods. Special care in lubrica- 
tion may be required for these motors. 


Starting mechanism failure 


Choosing a well-built motor will help solve this 
problem. Also, the starting mechanism must be kept 
free of dirt and moisture. The same goes for bear- 
ings and motor windings. 


Mounting 


Secure mounting and correct alignment with the 
load are essential for proper motor performance. 
The motor should be positioned where it is readily 
accessible, but not in the way. If possible, the motor 
should be located so that it will not be exposed to 
excessive moisture, dust, or abrasive material. 

Mount the motor on a smooth, solid foundation. 
Fasten the mounting bolts tightly. If mounted on an 
uneven base or fastened insecurely, the motor may 
become misaligned with the load during operation. 
This will throw unnecessary strain on the frame and 
bearings, causing rapid wear and overheating. 
Loose mounting also causes vibration and noise. 


Connecting to load 


Motors may be connected to load by: 

1. Direct drive. 
2. Belt and pulley. 
3. Chain and sprocket. 

Direct drive can be used only when the motor and 
the driven equipment operate at the same speed. 
A flexible coupling should be used. The motor shaft 
and driven shaft should be in near-perfect align- 
ment. This prevents excessive wear of the shaft 
bearing. 

Using a V-belt is the easiest and most common 
way of connecting a motor to the load. High-speed 
chain drives are used when a positive drive is 
necessary or when the torque required is more than 
a V-belt drive can transmit. 

Proper belt tension must be maintained. If a belt 
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Fig. 22-13. Circuit for random restarting of motors under 
automatic control. 


is too loose, it will slip on the drive pulley, overheat, 
and wear out quickly. If it is too tight, it will cause 
the belt and bearings to wear excessively. 

To properly tension a V-belt drive, measure the 
span between shafts as shown in Fig. 22-12. Also, 
measure the force required to deflect the belt 1/64 
in. for each inch of span. The force required should 
be within the values shown in Fig. 22-12 for the 
type of belt used. 


SERVICE AND REPAIR OF MOTORS 


Generally, motors should not be allowed to restart 
automatically after a loss of power. If automatic 
operation is necessary, provision should be made 
for random restarting to prevent the excessive 
voltage drop in the wiring that would occur if all 
motors came on at one time. This can be ac- 
complished by including a low-cost time-delay relay 
in the magnetic motor starter control as shown in 
Fig. 22-13. This random restart feature is especially 
desirable for large horsepower motors. 

Figs. 22-14 through 22-16 provide further infor- 
mation on the proper wiring of ac magnetic motor 
starters. Various types of starter enclosures and 
their applications are found in Fig. 22-17. 

A well-made and properly installed electric motor 
requires less maintenance than many other types 
of electrical equipment. However, for the best and 
most economical performance, periodic servicing 
is required. 

The service operations listed should be performed 
once a year or more often if the motor operates 
under conditions of severe heat, cold, or dust. 
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WIRING DIAGRAM Li 
A WIRING DIAGRAM shows, as closely as possible, the actual 
location of all of the component parts of the device. The open T 
terminals (marked by an open circle) and arrows represent 2 

connections made by the user. 


P SX F—05, 


s n l F : : ALARM IF. 
Since wiring connections and terminal markings are shown, this SUPPLIED 
type of diagram is helpful when wiring the device, or tracing =z 
wires when troubleshooting. Note that bold lines denote the S 
power circuit, and thin lines are used to show the control 
circuit. Conventionally, in ac magnetic equipment, black wires Tl 
are used in power circuits and red wiring is used for control 
circuits. 
1,2, OR 3OLR/TI 
n f Dr ar CONTACTS 
A wiring diagram, however, is limited in its ability to convey a 
clear picture of the sequence of operation of a controller. Where 
an illustration of the circuit in its simplest form is desired, the 
elementary diagram is used. 
ELEMENTARY DIAGRAM 2 WIRE CONTROL 


DEVICE 3 M OL 


The elementary diagram gives a fast, easily understood picture of 
the circuit. The devices and components are not shown in their 
actual positions. All the control circuit components are shown as 
directly as possible, between a pair of vertical lines, representing 
the control power supply. The arrangement of the components 
is designed to show the sequence of operation of the devices, 
and helps in understanding how the circuit operates. The effect 
of operating various interlocks, control devices etc. can be readily 
seen — this helps in trouble shooting, particularly with the moré 


complex controllers. This form of electrical diagram is some- Sterne aly ama 
ae ate aye ’ > of Starter 
times referred to as a schematic” or “line” diagram. (2-wire control) 


Fig. 22-14. These two diagrams will help you understand the circuit and wiring for an ac magnetic motor 
starter. (Square D Co.) 


MOTOR SERVICE OPERATIONS normal starting current, develop less starting 
torque, and, therefore, damage the motor. 
1. Remove dust and dirt from the air passages and 3. Make sure the motor shaft turns freely. Tight 


cooling surfaces of the motor to insure proper or misaligned bearing will cause the motor to 
cooling. Plugged air passages of an open motor, overheat. 
or a coating of dust on a totally enclosed motor, 4. Lubricate the motor according to the manufac- 
will cause the motor to overheat under normal turer's specifications. Do not overlubricate. Too 
operation. much lubricant is as bad as too little. 

2. Check bearings for wear. Excessive side or end 5. Check all wiring for frayed or bare spots. Repair 
play may cause the motor to draw higher-than- or replace as needed. 

WIRING DIAGRAM ELEMENTARY DIAGRAM 


START È 
we «—— 2 WIRE CONTROL 
0—3 ---- 4 F---5 iF useo 
STOP ) M oL 
] ! START 
stOP 2 SIART i 
3 WIRE T NoTE, 
CONTROL STARTERS LEAVE 
FACTORY WITH COIL 
s PANT ae he 
To ee ae 
3 Aroua PEND S CONNECT PER COIL 
2 WIRE TI T2 ör DIAGRAM. 
CONTROL g 


L2 OR 3 OLR 
CONTACTS 


Sizes 0 ang 1 Single Phase Starters Used with Single Voltage Motor 
Fig. 22-15. Wiring diagrams for starter for single phase voltage. (Square D Co.) 
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6. Clean the starting switch contacts of split-phase 
and capacitor motors and the commutator and 
brushes in wound-rotor (repulsion-type) motors. 
Use very fine sand paper, not emery cloth. 

7. Replace worn brushes, and make sure the brush- 
lifting and shorting-ring action works smoothly 


WIRING DIAGRAM 


START 
CS 8 


STOP i all 


3 WIRE 
CONTROL ALARM 
(IF SUPPLIED) 


sej 


M 
I T2 


T L2ZOR3 OLR? T2 TI T4 T3 
3 CONTACTS 


2 WIRE 
CONTROL k 


in wound-rotor motors. 

Check belt pulleys to be sure they are secure 
on their shafts. Align the belts and pulleys 
carefully. Improper alignment causes excessive 
wear on belts and pulleys. Check and adjust belt 
tension. Replace belts that are badly worn. 


ELEMENTARY DIAGRAM 


a—— 2 WIRE CONTROL 
T a. IF USED 
f START | M OL 
1, STOP 2 ae 3 


Sizes 3 and 4, 4 Pole, 2 Phase, 4 Wire Starters with External 2 or 3 Wire Control 


WIRING DIAGRAM 


3 WIRE 


3 WIRE CONTROL MULTIPLE 
PUSHBUTTON STATION 
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2 WIRE 
CONTROL 1.20R 30LR 
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ELEMENTARY DIAGRAM 


<— 2 WIRE CONTROL 
rego ae | F Roe . IF USED 


START '! M OL 
2 — ‘ 


FOR SINGLE PHASE OPERATION 
L3 POLE NOT USEO 8UT OL 
RELAY ELEMENT MUST BE INSTALLEO 


Size 00, 3 Pole, 3 Phase Starter with External 2 or 3 Wire Control 


WIRING DIAGRAM 


3 WIRE 


ALARM 
(F SUPPLIED) 
Crito 


zo 


3 WIRE CONTROL MULTIPLE TI 
PUSHBUTTON STATION 
Ti T2 T3 12 OR3 OLR 
eml CONTACTS 


Tes 
2 WIRE 
CONTROL 


ELEMENTARY DIAGRAM 


=— 2 WIRE CONTROL 
ae P IF USEO 

í start |! M OL 
I! STOP 2 RE l3 


Sizes 0-4, 3 Pole, 3 Phase Starters with External 2 or 3 Wire Control 


Fig. 22-16. Diagrams for wiring of two-phase and three-phase magnetic starters. 
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A B 


Fig. 22-17. Motor control units. A— Heavy duty motor control unit is used primarily in foundries, steel mills, etc. Unit is 
oil and dust tight. B— Watertight, dust tight and corrosion resistant manual motor starter enclosure. C— Single motor branch 
circuit safety switch. (Square D Co.) 


REVIEW QUESTIONS — CHAPTER 22 b. Correct size of conductors to keep voltage 
drop within NEC-set limits. 
1. For proper performance, the voltage 
and frequency at the ____  — —  — SINGLE 
must match the values specified by the PURSE saur i 


manufacturer as closely as possible. 
2. Low voltage from inadequate wiring (can, can- 
not) cause problems in an electric motor. 
3. List the information which usually appears on 
the nameplate attached to an electric motor. 
4. Explain what frame number of an electric 
motor has to do with standardization of elec- 


(2) 75°C RATED 
CONDUCTORS 
IN CONDUIT 


tric motors. 
5. List the four common motor circuits. — 250' —n 
6. NEC requires that the feeder capacity of a 

single motor circuit be percent of NOTE: MAX VOLT. DROP 

the full-load rating of the motor. a eee 
7. What is the full-load current of each of the I.E. 223 V. MIN. 

following squirrel-cage motors? (Refer to ate 


tables in Article 430 of NEC.) 


SINGLE-PHASE SINGLE-PHASE 3-PHASE 10. List all of the following which are causes for 
overheating in an electric motor. 

Lack of insulation. 

Excessive ambient temperatures. 

Low voltage at motor terminals. 

Too high voltage at motor terminals. 
Poor cooling from dirt or lack of ventilation. 
Overloading of motor. 

g. Lack of lubricant. 


meen OT a 


8. AL CCCs: & SWitch Or Other 11. During periodic motor service, bearings 
device normally used for starting and stop- (should, should not) be lubricated. 
ping a motor. 12. Emery cloth (should, should not) be used to 
9. Study the illustration and determine: clean contacts of split-phase and capacitor 
a. Full-load current of the electric motor. motors and the commutator and brushes of 


wound-rotor motors. 
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PROBLEM CAUSE(S) REMEDY 


Motor overheats Rotor rubbing on stator Replace shaft or bearings 
— Bent shaft 
—Worn bearings 


Overloading Correct load factor 
— Binding load Check current input 
Poor ventilation Keep motor clean 
Clear vent holes or venting system 
Motor won't start Power failure Check the circuit breakers 


or fuses 
Replace if necessary 


—Insufficient voltage 


Improper connections Check wiring diagram and 


make necessary corrections 


Worn or incorrectly set brushes Replace brushes or reset them 


Open circuit Check all connections 

Clean starting switch contacts 

Check for short-circuit or ground faults 
Reset thermal overload 


Too much end play Add washers to shaft 


Rotor or stator burns out Moisture Keep motor clean and dry. 
Corrosive chemicals Shield motor if necessary 
Dust 


Brush sparking 


Short-circuit or open circuit Clean, repair or replace armature 
Sticking or worn brushes Replace brushes 
Overload Decrease load or use 
more powerful motor 
Improperly fit brushes Refit the brushes to match commutator 
Noisy motor Unbalanced load Balance the load and pulley 
Loose parts Tighten motor components and 
retighten motor mounts 
Faulty alignment Properly align motor with load 
Bent shaft Straighten shaft and realign 
Make sure load is balanced 
Worn bearings Lubricate bearings; 
replace bearings. 


Motors are expensive and will last a long time with proper maintenance. This guide is useful should problems arise. 
Good maintenance is important; without it a motor may have a short life. 
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Information in this chapter will enable you to: 

e List in detail the rules for bonding metal fix- 
tures and parts around a swimming pool. 

e Explain grounding requirements for swimming 
pool wiring. 

e Give the Code requirements for wiring under- 
water light fixtures. 

e Name the fixture types used in pools. 

e Cite NEC rules for overhead conductor 
clearance around the pool area. 


Installation of electrical wiring in and around 
swimming pools, indoor and outdoor, is of much 
concern to the NEC. Within recent years, the re- 
quirements for such installations have been expand- 


LADDER 


SKIMMER 
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DIVING 
LADDER 
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ed and refined to provide guidelines/rules which will 
ensure safety. The specific installation requirements 
for swimming pool wiring methods are found in Ar- 
ticle 680 of the Code. In the paragraphs that follow, 
the electrician will be introduced to special wiring 
considerations and techniques needed to install 
electrical equipment in and around swimming pools. 


BONDING 


Because of the large quantity of water, stray cur- 
rents moving between metal parts in and around the 
pool can be extremely dangerous. These stray cur- 
rents must be kept at earth potential which is zero. 
The bonding of ALL the metal parts accomplishes this 
and is, therefore, essential. Specifically, the follow- 


FLUSH 
ue J-BOX RECIRC. DRAIN 
— 
___ 


POOL REINFORCING 
STEEL 


Fig. 23-1. Bond all metal parts within the pool and within 5 ft. of the pool walls. Use No. 8 AWG bare 
or insulated copper conductor. 
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ing must be bonded using a No. 8 AWG solid cop- 

per conductor. 

1. All metal parts within 5 ft. horizontally of the pool 
walls. 

2. All fixture metal parts within the pool walls. 
That is, the metal-forming shells for wet-niche 
fixtures. 

3. All metal parts of the pool structure. This would 
include the reinforcing steel, steel decking, lad- 
ders, diving board supports, etc. 

4. Accessory equipment such as pump motors, 
fittings, conduits, piping and skimmer components. 

Fig. 23-1 illustrates a typical swimming pool, high- 
lighting those components which are to be bonded. 

The bonding conductor need only interconnect the 
metal parts and can be bare or insulated. It can be 
run to a panelboard or service panel ground block, 
but this is not required. 


GROUNDING 


In addition to bonding, all electrical equipment 
related to the pool and within 5 ft. of the interior pool 
walls must be properly grounded. The purpose here is 
to make sure a low-resistance pathway exists for fault- 
related current to get back to the neutral so that fuses 
or circuit breakers will operate correctly. 

The grounding conductor must be properly sized for 
the particular circuit (NEC Table 255.122), never small- 
er than No. 12 AWG copper, insulated and run in con- 
duit with the circuit conductors all the way back to the 
supply panel grounding terminal block. Fig. 23-2 
shows the correct way to ground electrical equipment 
in and around the swimming pool. 


SERVICE 


NEUTRAL 


CONDUCTOR 


BOND 


RECEPTACLES, SWITCHES, AND FIXTURES 


Receptacles: Except for a locking type receptacle 
for a cord-connected swimming pool pump, the 
Code does not permit any receptacles to be located 
within 10 ft. of the pool walls. The pool pump 
receptacle must not be any closer than 5 ft. from 
the pool wall. Further, the Code requires that a 
minimum of one 120 V GFCl-protected receptacle 
be located between 10 ft. and 20 ft. of the pool 
wall for use of cord-connected devices. This is to 
eliminate possible use of extension cords originating 
from inside the house. Any additional outdoor recep- 
tacles within 20 ft. of the pool wall must also be 
GFCI protected. Of course, all receptacles installed 
outdoors for residential buildings must have GFCl 
protection. Fig. 23-3 shows basic rules and re- 
quirements associated with receptacles around the 
pool. 
Switches: Any and all switches or switching devices 
of any type must be set back at least 5 ft. from the 
pool edge. If not, there must be some type of fixed, 
permanent wall or barrier between it and the pool. 
Lighting: Pool lighting may be viewed as falling in- 
to one of three categories for all practical purposes. 
1. Lighting which existed around the pool area prior 

to the pool installation and which will remain 

there after installation. 
2. Newly installed lighting associated with the pool 

area. 
3. Lighting installed within the pool structure itself. 

Looking at each of these categories will provide 
a general scope of installation methods. 
As for existing lighting fixtures, the Code allows 

them to remain as is, even if they fall within the 


SUBPANEL 


BOND 
METAL 
CONDUIT 


CONDUIT — IMC, RIGID, 
OR NONMETALLIC 
PVC 


CIRCUIT TO 
PUMP MOTOR, 
POOL LIGHT, OR 
ANY POOL DEVICE 
(EX: POOL FIXTURE) 


METAL 
NEUTRAL A CONDUIT 
AND GROUND CON UCTOR INSULATED METAL 
BAR BONDED =m GROUNDING FIXTURE 
AT SERVICE TAR CONDUCTOR SHELL 


Fig. 23-2. The grounding conductor for pool electrical equipment is run with the circuit conductors and is connected at the 
equipment subpanel ground bar and back to the service grounded (and bonded} neutral bar. 
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NO RECEPTACLES 
PERMITTED EXCEPT 
FOR GFCI PROTECTED, 
LOCKING-TYPE, CORD- 
CONNECTED POOL PUMP 
SUPPLY. THIS RECEPTACLE 
CAN BE BETWEEN 5 FT.—10 FT. 
OF POOL WALL. 


GFCI PROTECTED 


AT LEAST ONE 
RECEPTACLE REQUIRED: 
OTHER GFCI PROTECTED 
RECEPTACLES ARE OK. 


Fig. 23-3. Basic poolside receptacle rules. 


NO RECEPTACLES 
WITHIN 5 FT. AREA. 


otherwise prohibited 5 ft. perimeter of the poolside 
providing they are rigidly attached to the structure 
and GFCI protected. Remember, however, that 
switching of these lights must be located at a point 
beyond the 5 ft. area. This important safety factor 
should not be overlooked. 

New lighting fixtures may be installed not less than 
5 ft. horizontally from the pool edge and will require 
GFCI protection. Lights may also be installed above 
the pool and should be no less than 12 ft. above the 
waterline for outdoor pools or not less than 7 ft. 6 in. 


(IF POOL IS INDOORS) 
ENCLOSED TYPE 
INDOOR 
FIXTURE 
WITH GFCI 


DWELLING 
EXISTING 
FIXTURE 


7 FT.-6 IN. 


when above the waterline for indoor pools. Indoor 
lights and fans above the pool shall be GFCI pro- 
tected and totally enclosed. The basic requirements 
for poolside and above-pool lighting are illustrated in 
Fig. 23-4. Refer also to NEC 680.8. 


UNDERWATER LIGHTING 


The installation of underwater lighting fixtures is 

a subject requiring careful attention. Because of 

their location, these fixtures can initiate severe elec- 

tric shock if not installed properly. For this reason, 
grounding, bonding, and sealing requirements must 
be strictly adhered to. In addition to grounding, 
bonding, and sealing which will be detailed later, 
the fixtures must meet the following requirements: 

1. Only UL or other lab tested and listed approved 
lighting fixtures are to be installed. 

2. Fixtures may not exceed 150 V between their 
conductors. 

3. Fixtures which operate above 15 V must be 
GFCI protected. 

4. When installed, the fixture top edge must be not 
less than 18 in. below the normal water level. 
Note: certain fixtures may be installed at not less 
than 4 in. below the normal water level IF IDEN- 
TIFIED for that use. 

5. The fixture shall have some inherent means to 
protect it against overheating. 

6. Raceway (conduit) between the fixture and the 
junction box or transformer (for low-voltage fix- 
tures) must be either IMC, rigid metal conduit 
made from brass/silicon corrosion-resistant 
metal, or rigid nonmetallic conduit having a No. 
8 AWG copper conductor with insulation to in- 
terconnect between the fixture and junction box 
or transformer enclosure. 


OUTDOOR OUTSIDE 5 FT. 
FIXTURE OK PERIMETER PERMITTED 
NO GFCI NO GFCI REQUIRED 

NEEDED 


NEW LIGHTS NOT PERMITTED 
WITHIN 5 FT. HORIZONTALLY 
OF POOL EDGE. 


Fig. 23-4. Lighting locations above and around the pool are restricted by vertical and horizontal distance. 
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FIXTURE TYPES 


Essentially, there are two types of fixtues installed 
below the waterline in pools: 
1. Wet-niche. 
2. Dry-niche. 

The wet-niche fixture is made up of a lamp within 
a housing having a flexible cord and sealed lens. The 
fixture assembly is enclosed in a metal shell called 
a forming shell which is built into the pool wall. The 
flexible cord is long enough to allow the fixture, 
when removed for servicing, to extend out onto the 
pool deck. These are usually rated several hundred 


watts with 12 V of electricity from a weatherproof- 
enclosed transformer. This transformer must be 
located at least 4 ft. from the pool edge and 
elevated at least 4 in. above the pool deck or ground 
adjacent to the pool. A flush deck box mounted 4 
ft. from the pool edge is permitted if the box is fully 
sealed with potting compound and only if the fix- 
ture is rated at 15 V or less. Fig. 23-5A and B show 
many of the main points concerning wet-niche fix- 
tures and various wiring methods. 

Dry-niche pool fixtures are sometimes installed 
instead of the wet-niche type. The installation re- 
quirements are similar but there are a few dif- 


CAST AND PRE-THREADED 


CORROSION-RESISTANT DECK BOX 
4 FT. FROM POOL EDGE AND FILLED 
DECK WITH POTTING COMPOUND. THIS 


TO 120/12 V = ed S 
TRANSFORMER z —/ 
CORROSION 
RESISTANT 
CONDUIT 
FLEXIBLE CORD 
COIL IN FORMING 
SHELL 
A 


TO 120 V SUPPLY 


WITH GFCI 
PROTECTION 
UNLESS SUPPLY 
IS TO 
TRANSFORMER 
CORROSION- 
RESISTANT METAL 
CONDUIT OR CONDUIT 
PVC THREADED 
B TO SHELL 


TRANSFORMER OR J-BOX 
[ee ee ELEVATED NOT LESS THAN 8 IN. 
AND MIN. 4 FT. FROM 
POOL EDGE 


DECK f l | 


4 IN. MIN. 


ARRANGEMENT ALLOWED ONLY IF FIXTURE 


IS 15 V OR LESS. 
NORMAL WATER LEVEL 


FORMING SHELL 


12 VOLT 
WET-NICHE FIXTURE 
NO GFCI REQUIRED 


ABOVE MAXIMUM WATER LEVEL 


8 IN. MIN. MAXIMUM WATER LEVEL 


WET-NICHE FIXTURE 
LOCATED MIN. 18 IN. 
BELOW WATER LEVEL 
OR MIN. 4 IN. BELOW 
WATER LEVEL IF LISTED 
FOR THAT USE. 


FORMING SHELL 


Fig. 23-5. A—A 12-valt wet-niche fixture supplied by a remote located 120 V/12 V transformer with the junction point in 
a flush deck box completely filled with potting compound. B— Use of an elevated J-box or transformer enclosure. Conduit entry 
points must be threaded and effectively sealed at the entry point. 
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ferences. One difference is that the fixture is 
installed outside the pool wall in a sealed, water- 
tight enclosure. This type has a drainage pipe pro- 
vided so that any moisture will be excluded. Like 
the wet-niche fixture, it must be grounded, bond- 
ed, and wired via a corrosion-resistant metal con- 
duit or PVC conduit with threaded connectors. The 
deck box is installed flush and a 4 ft. minimum from 
the pool edge. The dry-niche fixture is illustrated in 
Fig. 23-6. Notice the cord and plug connection and 
large deck box for maintenance, repair, and 
relamping. 


OVERHEAD CONDUCTOR CLEARANCE 


It should be emphasized that conductors should 
not be run above a swimming pool. However, for 
utility company wiring there are some exceptions 
which are worth noting. Keep in mind that these 
exceptions are only for service lines such as 
telephone, antenna, or power cables provided by 
the utility. Further, even within the allowable ex- 


LOCKING TYPE 
CORD AND 


FLUSH 
DECK BOX 


18 IN. MIN. 
EXCEPT AS ALLOWED 
BY NEC SECTION 


680.23(A)(5) PULLING EYE 


CONDUIT 
METAL OR 
PVC 


——— DRY-NICHE FIXTURE 


SUITABLE 
DRAIN 


Fig. 23-6. Dry-niche fixture is serviceable through a deck box. 
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OVERHEAD UTILITY LINE ONLY 


DWELLING MIN. FROM 


INSIDE EDGE 
OF POOL 


10 FT. 


Fig. 23-7. Overhead utility conductors must not be within 10 
ft. of the horizontal perimeter of the pool. 


ception criteria, the conductors must not pass 
directly over the pool or within 10 ft. horizontally 
from the inside edge of the pool. Fig. 23-7 shows 
what is permitted according to the NEC Section 
680.8 and Table 680.8. 


MISCELLANEOUS EQUIPMENT 


Often, pools are equipped with accessories such 
as heaters, skimmers, audio systems, automatic 
pool covers, and the like. Manufacturers provide im- 
portant installation instructions and information 
which will be helpful. As with all electrical items to 
be wired within or around the swimming pool, care 
should be taken to assure proper grounding and 
bonding as a number one priority. Refer to Article 
680 of the Code and consult with the local elec- 
trical inspector when questions arise. 


REVIEW QUESTIONS — CHAPTER 23 


1. The two basic types of pool lighting fixtures are 
and ; 
2. All metal structures in and around the pool must 
be : 
3. Wiring to electrical equipment of swimming 
pools must be in ______s, ___ CC, 
conduit. 
4. Except for the pool pump receptacle, all recep- 
tacles around the pool area must be at least 
ft. from the pool walls. 
5. A grounding conductor to pool electrical equip- 
ment devices, etc., must never be smaller than 
number AWG copper. 
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A journeyman electrician prepares to check out a service entrance panel in a commercial installation. 
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If you have more than just a casual interest in knowledge of electricity and electrical wiring tech- 
electrical wiring, perhaps a career in electricity is niques. Following is a partial list of jobs which fall 
for you. This chapter will briefly list and explain the under the general category of electrical construc- 
various career categories open to you. tion or maintenance work. 

Power line installers and repairers. 
Power line troubleshooters. 

Cable splicers. 

Construction electricians. 
Maintenance electricians. 


CAREER CATEGORIES 


The manual and mental skills required for elec- 
trical jobs vary greatly. However, all of them require 


e a ae 


Fig. 24-1. Powerline installers are shown working on new primary distribution lines. 
(New York State Electric and Gas Corp.) 
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Fig. 24-2. Line repairer-installer is correcting damaged 
transmission line. 


TRANSMISSION AND DISTRIBUTION 
ELECTRICIANS 


One-fourth of the workers in the electric power 
industry are involved in transmission and distribu- 
tion jobs. The principal workers in these occupa- 
tions are those who control the flow of electricity. 
They are the load dispatchers and substation 
operators. Others in this group construct and main- 
tain power lines. Job titles in this category include: 
line installers and repairers, cable splicers, 
troubleshooters, ground helpers, and laborers. Line 
installers and repairers make up the largest single 
occupation in the industry. 

Line installers and repairers construct and main- 
tain the network of power lines that carries elec- 
tricity from generating plants to consumers, Fig. 
24-1. Their work consists of installation, equipment 
replacement, repairs and routine maintenance. 
When wires, cable, or poles break, it means an 
emergency call for a line crew. Line repairers splice 
or replace broken wires and cables, and replace 
broken insulators or other damaged equipment. 

Most installers and repairers work from ‘‘bucket’’ 
trucks with pneumatic lifts that take them to the 
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Fig. 24-3. Cable splicers-line installers are positioning pad 
transformer. (New York State Electric and Gas Corp.) 


top of the pole at the touch of a lever, Fig. 24-2. 
In some power companies, line crew employees 
specialize in particular types of work. 

Troubleshooters are experienced line installers 
and repairers who are assigned to special crews that 
handle emergency calls. They move from one job 
to another, as directed by a central service office 
which receives reports of line trouble. Often, 
troubleshooters receive their orders by direct radio 
communication with the central service office. 

These workers must have a thorough knowledge 
of the company’s transmission and distribution net- 
work. They first locate and report the source of trou- 
ble and then attempt to restore service by making 
the necessary repairs. 

Depending on the nature and extent of the prob- 
lem, troubleshooters may restore service, or simply 
disconnect and remove the damaged equipment. 
They must be familiar with all the circuits and 
switching points so that they can safely disconnect 
live circuits. 

Cable splicers install and repair insulated cables 
on utility poles and towers, as well as those buried 
underground or those installed in underground con- 
duits, Fig. 24-3. When cables are installed, the cable 


Modern Residential Wiring 


splicers pull the cable through the conduit and then 
join the cables at connecting points in the transmis- 
sion and distribution systems. At each connection 
in the cable, they wrap insulation around the wir- 
ings. They splice the conductors leading away from 
each junction of the main cable, insulate the splices, 
and connect the cable sheathing. Most of the 
physical work in placing new cables or replacing old 
ones is done by cable splicers and their assistants. 

Cable splicers spend most of their time repairing 
and maintaining cables and changing the layout of 
the cable systems. They must know the arrange- 
ment of the wiring systems, where the circuits are 
connected, and where they lead to and come from. 
When making repairs, they must make sure that the 
conductors do not become mixed up between the 
substation and the customer’s premises. Cable 
splicers also periodically check insulation on cables 
to make sure it is in good condition. 


MAINTENANCE ELECTRICIANS 


Maintenance electricians keep lighting systems, 
transformers, generators, and other electrical equip- 
ment in good working order. They also may install 
new electrical equipment. 

Duties vary greatly depending on where the elec- 
trician is employed. Electricians who work in large 
factories may repair items such as motors and 
welding machines. Those in office buildings and 
small plants usually fix all kinds of commercial or 


industrial electrical equipment. Regardless of loca- 
tion, electricians spend much of their time doing 
preventive maintenance, and making periodic in- 
spection of equipment to locate and correct defects 
before breakdowns occur. See Fig. 24-4. 

When trouble occurs, they must find the cause 
and make repairs quickly to prevent costly ‘‘down- 
time’’ or production losses. In emergencies, they 
advise management whether continued operation 
of equipment would be hazardous. 

Maintenance electricians make repairs by replac- 
ing items such as fuses, circuit breakers, or switch- 
es. When installing new or replacing existing wir- 
ing, they splice wires and cut or bend conduit 
through which the wires are run. 

Maintenance electricians sometimes work from 
blueprints, wiring diagrams, or other specifications. 
They use meters and other testing devices to locate 
faulty equipment. To make repairs, they use an ar- 
ray of specialized devices besides pliers, 
screwdrivers, wirecutters, drills, and other basic 
tools. 


OWNING A BUSINESS 


Many electricians own their own electrical con- 
tracting business. They may work alone or boss a 
crew of electricians. As contractors, they solicit 
business from customers and bid on jobs, working 
from plans secured from the potential customer. A 
contractor generally specializes in a certain field of 


Fig. 24-4. Left. Maintenance electrician checks attic insulation. 
Electrician completes electrical connections in a junction box using solderless connectors. 


(New York State Electric and Gas Corp.) Right. 
(Thomas & Betts Corp.) 
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work. He or she may bid on jobs in one or several 
fields: 
1. Construction. 
a. Residential. 
b. Commercial. 
c. Industrial. 
2. Industrial electrical maintenance. 


ADVANTAGES OF OWNING A BUSINESS 


Working for yourself has certain advantages. 
There is personal satisfaction in doing what you 
want to do. You are free to put your skills and 
knowledge to work as you see fit. The rewards of 
hard, skillful work are yours. You can control your 
own income. As the owner, you determine how the 
profit will be spent. If your business is successful 
you have job security. Not the least of the advan- 
tages is the respect which your efforts might com- 
mand in the community. 


DISADVANTAGES OF OWNERSHIP 


Venturing into your own business has some 
disadvantages. The following must be weighed 
against the advantages: 

1. Should your business fail, you can lose the 
money invested in it. In addition, you are liable 
for paying off debts. This could take years. 

2. Income, especially in the early years, can be 
uncertain. 

3. Workdays are considerably longer for the 
‘‘boss.’’ A 15-hour day, six or seven days a 
week is common. 

4. Much of the day will be taken up with routine 
chores and hard work. Your tasks will include 
paperwork, maintenance of tools and equip- 
ment, bidding jobs, customer relations, selling, 
advertising, setting prices, organizing your 
work, and that of employees. 


WHAT IT TAKES 


Being your own boss may be just right for you. 
Or all wrong. It depends on certain characteristics. 
You should consider your own business if you are: 
1. In good health with considerable energy. You 

need it because of the long hours and physical 
labor involved. 

2. A good organizer. You must know what to do 
and how to lay out the work so it can be done 
efficiently. 

3. Self motivated. In other words, you are a ’’self- 
starter.’’ You are not afraid to make decisions; 
you believe in yourself; you see what needs to 
be done and do it. 

4. Aninnovator. You look for ways to improve ser- 


Fig. 24-5. Technician uses X-ray machine to rate liquid and 
solid flame retardant. (Underwriters Laboratories) 


vice to your customers and make your business 
more competitive. 


5. Responsible. You stand by your decisions. You 


are willing to shoulder responsiblity for bad deci- 
sions and for mistakes made by employees. You 
keep promises and pay your debts. 


6. Ready and able to take on the variety of roles 


owning a business requires. If you dislike keep- 
ing records or supervising others, you may be 
happier working for someone else. 


ADVICE ON STARTING A BUSINESS 


e Gather experience working for another employer 
first. Observe as much as you can of the business 
operation. 

Ask others in the business for information. Benefit 

from their experience. 

e Expect suppliers to be wary of extending credit 
until you prove trustworthy. Be prepared to pur- 
chase initial materials and tools with cash. 

e |f possible, survey potential customers. Try to find 
out if they would use your services. 
Secure adequate insurance coverage. 
Set up or secure a good accounting and book- 
keeping system. This is one of the most impor- 
tant areas of successful management of your 
business. Yet, many small businessmen keep 
poor records. This failing often contributes to 
business failure. Consider taking accounting or 
bookkeeping courses. Otherwise, seek profes- 
sional help from an experienced accountant. 

e When business expands, hire good help. 
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TRAINING, OTHER QUALIFICATIONS, AND 
ADVANCEMENT 


Most maintenance electricians learn their trade 
on the job or through formal apprenticeship pro- 
grams. A relatively small number learn the trade in 
the military service. Training authorities generally 
agree that apprenticeship gives trainees more 
thorough knowledge of the trade and improves job 
opportunities during their working life. Because the 
training is comprehensive, people who complete ap- 
prenticeship programs qualify either as mainte- 
nance, construction electricians, or technicians. See 
Figs. 24-5 and 24-6. 

Apprenticeship usually lasts four years, and con- 
sists of on-the-job training and related classroom 
instruction in subjects such as mathematics, elec- 
trical and electronic theory, and blueprint reading. 
Training may include electric motor repair, wire 
splicing, installation and repair of electronic controls 
and circuits, and welding and brazing. 


INFORMAL TRAINING 


Although formal apprenticeship is the preferred 
method of training, many people learn the trade in- 
formally on-the-job by serving as helpers to skilled 
maintenance electricians. Helpers begin by doing 
simple jobs, such as replacing circuit breakers and 
switches. With experience, they advance to more 
complicated jobs such as splicing cable and con- 
necting circuit wires. They eventually get enough 
experience to qualify as electricians. 


Fig. 24-6. Technician carefully checks resistance of product 


submitted for testing. (Canadian Standards Assoc.) 


SELECTING HELPFUL COURSES 


Persons interested in becoming maintenance elec- 
tricians can obtain a good background by taking 
high school or vocational school courses in subjects 
such as electricity, electronics, physics, algebra, 
mechanical drawing, shop, and physical sciences. 
To qualify for an apprenticeship program, an appli- 
cant should be at least 18 years old and usually 
must be a high school or vocational school graduate. 

Because the electrician’s craft is subject to con- 
stant technological change, experienced electricians 
must continue to learn new skills. 

All maintenance electricians must be familiar with 
the National Electrical Code and local building 
codes. Many cities and counties require mainte- 
nance electricians to be licensed. Electricians can 
obtain a license by passing an examination that 
tests their knowledge of electrical theory and its 
application. 


ELECTRICIANS (CONSTRUCTION) 


Heat, light, power, air conditioning, and refrigera- 
tion components all operate through electrical 
systems that are assembled, installed, and wired 
by construction electricians. These workers also in- 
stall electrical machinery, electronic equipment, 
controls, and signal and communications systems. 
Construction electricians follow blueprints and 
specifications for most installations. 

Electricians, for safety reasons, must follow Na- 
tional Electrical Code regulations and, in addition, 
must fulfill all requirements of state, county, and 
municipal electrical codes. 


TRAINING, OTHER QUALIFICATIONS, 
AND ADVANCEMENT 


Most training authorities recommend the comple- 
tion of a four-year apprenticeship program as the 
preferred way to learn the trade. As in the electrical 
maintenance trade, some individuals learn informally 
by working for many years as electrician’s helpers. 
Many helpers gain additional knowledge through 
trade school or correspondence courses, or through 
special training in the military. 

Apprenticeship programs are often sponsored 
through and supervised by local union-management 
committees. These programs provide 144+ hours 
of classroom instruction each year in addition to 
comprehensive on-the-job training. 

In the classroom, apprentices learn blueprint 
reading, electrical theory, electronics, mathematics, 
safety, and first-aid practices. On the job, under 
supervision of experienced electricians, apprentices 
must demonstrate mastery of electrical wiring 
principles. 
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Electrical Careers 


At first, apprentices drill holes, set anchors, and 
set up conduit. In time and with experience, they 
measure, bend, and install conduit, as well as in- 
stall, connect, and test wiring. They also learn to 
set up and draw diagrams for entire electrical 
systems. 

To obtain a license, which is necessary for 
employment in most cities, construction electricians 
must also pass an examination which requires a 
thorough knowledge of electrical wiring and of state 
and local electrical codes. 

For more information concerning careers in the 
electrical trades write to the following organizations: 


International Brotherhood of Electrical Workers 
(IBEW) 

1125 15th Street N.W. 

Washington, DC 20005 


National Electrical Contractors Association (NECA) 
7315 Wisconsin Avenue 
Washington, DC 20014 


National Fire Protection Association (NFPA) 
Batterymarch Park 
Quincy, MA 02269 
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International Association of Electrical Inspectors 
(IAEI) 

930 Busse Highway 

Park Ridge, IL 60068 


Do not overlook the local power suppliers, trade 
schools, neighborhood electricians, and electrical 
inspectors. They are potential employers as well as 
sources of information. 


REVIEW QUESTIONS — CHAPTER 24 


1. List five categories of jobs available to qualified 
electricians. 

2. _____ are experienced line installers and 
repairers who are assigned to special crews that 
handle emergency calls. 

3. Electricians who keep lighting systems, 
transformers, generators, and other electrical 
equipment in good working order are called 

electricians. 

4. Most electricians learn their trade on the job or 
through formal apprenticeship programs. (True 
or False?) 

5. What must a construction electrician do to get 
a license to work in most cities? 
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Some electrical/electronics specialists work at testing of new 
products to rate their safety and operation for public use. This 
technician is investigating the wiring in a television set. 
(Underwriters Laboratories, Inc.) 


Powerline installers and repairers work mostly from ‘‘bucket’’ trucks with pneumatic lifts. In some power 
companies, line crew employees will specialize in particular types of work. 
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Every electrician must have a good background 
in math. This section will review some of the basic 
math operations needed by the electrician. 

Above and beyond the simple addition, subtrac- 
tion, division, and multiplication skills, an electrician 
must also be competent in computing or perform- 
ing the following operations: 

Converting fractions to decimals. 

Calculating percentage. 

Converting fractions to percentages. 

Formula organization. 

Basic trigonometry. 

Circle area and circumference. 

Rectangle or square area and perimeter. 
Each of these procedures will be used often by 
the electrician in such tasks as: figuring service en- 
trance capacity, conduit fill, conduit bends, branch 
and feeder circuits, and wire ampacity. In addition 
there are routine business operations to perform on 
a day-to-day basis. For these reasons, math must 
be considered an important electrical tool. 


Converting Fractions to Decimals and Vice Versa 


On many occasions, it is necessary to change a 
fraction into its equivalent decimal. The electrician 
is constantly making measurements and reading 
specifications. Many of these figures are in fractions 
or decimals. 

To change a fraction to a decimal, divide the 
numerator (top part of fraction), by the denominator 
(lower part of fraction). 


Example: 
Change 7/16 to a decimal. 
Solution: 
4375 
16/7.0000 
60 
48 
120 
112 
80 
80 


29 
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Math Review 


To change a decimal to a fraction, place the 
decimal number over 10 or 100 or 1000 or 10,000 
depending on the number of digits in the decimal. 
Then reduce to the smallest fraction. 

Example: 

Change 0.4375 to a fraction. 

Solution: 

Since the decimal is to the ten thousandths place, 
we will divide as follows; 


Finding percentage 


It is often necessary to compute the percentage 
of a given number. This is especially useful when 
computing conduit fill or discounts on supply items. 

To find the percentage one number is of another, 
simply divide the larger number into the smaller one. 
Multiply the result by 100%. 

What percentage of 87 is 14? 
Solution: 


and, .16 x 100% = 16% 


A practical application of this follows: 
You have just purchased $240 worth of electrical 
fittings. If you pay the supplier’s bill within 10 days, 
you can take a 5 percent discount. How much can 
you save by paying early? Solution: Multiply the 
total by 5% (.05) and subtract this result from the 
total. 


$ 240.00 $ 240.00 
x .05 and —$ 12.00 
$ 12.0000 $ 228.00 


Converting fraction to percentage 


To convert a fraction to a percentage, divide the 
numerator by the denominator and multiply the 
result by 100%. 
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Example: 
What percentage is the fraction 1/6? 
Solution: 

.166 


% = 6/1.000 and .166 x 100% = 16.6% 


Formula Organization 


Many times the particular unknown in a formula 
is not the one which is isolated. Thus, the formula 
must be reorganized to separate the unknown from 
the rest. 

Example: 

Ohm's law, in formula, is written, E = | x R. 
Suppose we wish to find R, when E and | are known. 
We must rewrite the formula to isolate R. 
Solution: 

Divide both sides of the equation by I. 

je = |) 24 ik 

to: 

E EAR 

| | 


result: = ZIR 


Then, just solve for the unknown (R). 


Basic trigonometry 


Trigonometry relates to various parts of the 
triangle. In electrical work, trigonometry is used to 
find unknown sides or angles of triangular areas. 
A fundamental knowledge of trigonometry is helpful 
in working with conduit and for general 
measurement. 

The basic six trigonometric functions are listed 
below along with the illustration of a right triangle 
for reference. 


Sine A = 2 Cosecant A = £ 
C a 
Cosine A = b Secant A 2 
C b 
a b 
Tangent A = B Cotangent A = = 


Lega 


Leg b 
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Useful right triangle facts: 

1. Ina 30° - 60° - 90° triangle, the hypotenuse 
of the triangle is twice as iong as the side 
opposite the 30° angle. 

2. In a 45°-45°-90° triangle, 
oppostie the 45° angles are equal. 

3. For any right angle triangle, the lengths of the 
sides and the hypotenuse are related by the 
relationship: 


the sides 


c? = a? +b? 

Facts about other than right triangles: 

For any triangle, like the one shown below, we 
can compute the size of any two sides and an angle, 
if one side and the other two angles are known. This 
can be done by using the Sine Law or Cosine Law. 


a b C 


~ Sine A  SineB Sine C 
Cosine Law: a = Vb? + c? — 2 bc cos A 
or b = Va? + c? — 2 ac cos B 


Sine law: 


or c = Va? + b? — 2 ab cos C 
B 
c a 
A Cc 


A table of trigonometric functions can be helpful in 
solving problems. 


Circle area and circumference 


To obtain the area of a circle, simply apply the 
formula A = zr?. Here, A is the area, zis 3.14 and 
R is the radius of the circle. 

For circle circumference, the formula is C = zd. 
C equals circumference, zis 3.14 and d represents 
the diameter of a circle. 


Rectangle, area, square area, and perimeter 


1. Area of arectangle is equal to its base times its 
height. 

2. Area of a square is any side times itself. 

3. Perimeter of a rectangle is found by adding its 
four sides. 

4. Perimeter of a square is four times any side. 


——_—_— l a 


Math Review 


REVIEW QUESTIONS — CHAPTER 25 5. As shown, a guy wire is to be attached to the 
top of the 30 ft. utility pole, so that it makes 
1. The decimal equivalent of 7/8 in.is_._._S — Ž . an angle of 60° with the ground. How much 
2. The decimal, .5625, is equal to the fraction, guy wire is needed? How far from the base of 
the pole must it be anchored? 
3. If resistance in a circuit is 4 ohm, and current 
is 30 ampere, the voltage is SoS 
4. A conduit is bent as shown. What is the angle 


of the bend at A? 


GUY WIRE 


30’ Lega 
HYPOTENUSE 


Leg a 20” 


6. What is the area of a circle whose radius if 6 ft. ? 
7. What is the circumference of the circle dis- 
cussed in Question 6? 
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Information 


OPTIONAL METHOD USED TO DETERMINE SERVICE ENTRANCE CONDUCTORS, FEEDER SIZES 


2,000 SQ. FT. RESIDENCE HAVING THE FOLLOWING: 
15 kVA COMBINED SPACEHEATING, 10 kVA RANGE, 4.5 kVA DRYER, 1.5 kVA DISHWASHER and 5 kVA AIR CON- 
DITIONING, 3 KVA WATER HEATER. 
STEP 1. GENERAL LIGHTING AND RECEPTACLE LOAD [NEC TABLE 220.3(A)] 
2000 SQ. FT. x 3 VA/SQ. FT. = 6000 VA or 6 kVA 
STEP 2. TWO KITCHEN AREA CIRCUITS AND ONE LAUNDRY [NEC 220.16] 
CIRCUIT @ 1500 VA EA. = 4500 VA or 4.5 kVA 

STEP 3. LIST, AT NAMEPLATE RATING, ALL THE FASTENED-IN-PLACE APPLIANCES 

(EXCEPT HEATING AND A.C.) [NEC 220.30] 

A. RANGE 10,000 VA 

B. DRYER 4500 VA 

C. DISHWASHER 1500 VA 

D. WATER HEATER 3000 VA 

ADD LOADS FROM STEPS 1-3: 

GENERAL LIGHTING ... 

KITCHEN AND LAUNDRY... 

RANGE... 

DRYER... 

DISHWASHER... 

WATER HEATER... 


NOW, WE APPLY DEMAND FACTORS BASED ON THE OPTIONAL METHOD: [NEC 220.30] 
THE FIRST 10 kVA @ 100% 10,000 VA 
REMAINDER 19.5 kVA @ 40% 7800 VA 
ADD THEM... TOTAL = 17,800 VA 
TO THE TOTAL IN STEP 4, WE MUST ADD THE HEATING OR AIR CONDITION- 
ING LOAD—WHICHEVER IS LARGER—WITH A DEMAND FACTOR OF 40%. [NEC 220.21] 
SINCE THE HEATING HAS A GREATER CONNECTED LOAD, WE WILL OMIT 
THE A.C. THEREFORE, FROM STEP 4 17,800 VA 
ADD (15 kVA x .4) = 6000 VA 
FOR A TOTAL LOAD OF 23,800 VA 
DIVIDE THIS TOTAL LOAD BY THE VOLTAGE PROVIDED: 
23,800 VA 
“AOR a 99.2A 


THEREFORE, THIS WILL REQUIRE A SERVICE WITH PHASE CONDUCTORS 
RATED AT 100 AMPS OR #4 AWG COPPER CONDUCTORS [NEC TABLE 310.16] 


THE SERVICE FEEDER NEUTRAL IS DETERMINED AS FOLLOWS: 
LIST ALL THE 120/240 LOADS AND APPLY THE APPROPRIATE DEMAND FAC- 
TORS AS IN OUR PREVIOUS EXAMPLE USING STANDARD CALCULATION 
METHOD: [NEC 220.22] 


GENERAL LIGHTING LOAD 6000 VA 

KITCHEN SM. APPLIANCE AND LAUNDRY LOAD 4500 VA 
TOTAL 10,500 VA 

1ST 3000 VA @ 100% 3000 VA 

REMAINDER @ 35% (7500 x .35) 2625 VA 

TOTAL 5625 VA 

+ RANGE @ 70% (10,000 x .7) 7000 VA 

+ DRYER @ 70% (4,500 x .7) 3150 VA 

+ DISHWASHER @ 100% 1500 VA 

TOTAL 17,275 VA 


AND DIVIDE THIS TOTAL NEUTRAL DEMAND BY 240 VOLTS: 
LLU VL 
240 Volts ~ mp 
THEREFORE, A #6 AWG COPPER CONDUCTOR WILL BE REQUIRED FOR THE 
SERVICE NEUTRAL CONDUCTOR. [NEC TABLE 310.16] 


Alternate method for sizing conductors. 
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Technical Information 


SIZING SERVICE ENTRANCE CONDUCTORS 


3000 SQ. FT. RESIDENCE HAVING THE FOLLOWING: 
25 kVA HEATING, 12 kVA RANGE, 5 kVA DRYER, 5 kVA WATER HEATER, 2 kVA DISHWASHER AND 1.5 kVA 
CLOTHES WASHER. 


STEP 1. 


Sele Ze 


DETERMINE GENERAL LIGHTING/RECEPTACLE LOAD, 


3000 SQ. FT. x 3 VA/SQ. FT. = 


FIND KITCHEN AREA/LAUNDRY SMALL APPLIANCE LOAD, 
KITCHEN AREA: 2 x 1500 VA 
LAUNDRY CIRCUIT: 1 x 1500 VA 


TOTAL: 


ADD TOTALS FROM STEP 1 and STEP 2, 


9000 VA + 4500 VA = 13,500 VA 


. APPLY CODE DEMAND FACTORS TO THIS TOTAL 


1st 3000 VA @ 100% DEMAND 
REMAINDER 10,500 VA @ 35% DEMAND 
ADD... TOTAL 
SPECIAL AND FIXED APPLIANCES ARE NOW CONSIDERED: 
. HEATING LOAD ... @ 100%DEMAND 25,000 VA 
. DRYERLOAD...@ 100% DEMAND 5000 VA 
. RANGE LOAD. THE CODE ALLOWS A DEMAND FACTOR TO BE 


APPLIED BASED ON SIZE (RATING) AND NUMBER OF RANGES... 


. OTHER FIXED APPLIANCES: 
WATER HEATER... 
DISHWASHER... 
CLOTHES WASHER... 1500 VA 
THESE ARE ADDED, 8500 VA 
AND A DEMAND FACTOR IS APPLIED TO THE TOTAL 

... 8500 VA x 75% = 6375 VA 
ADD TOGETHER ALL THE DEMAND LOADS DETERMINED THROUGH 
THE PREVIOUS STEPS: 
e GENERAL LIGHTING/KITCHEN/LAUNDRY ... 6675 VA 
¢ HEATING... 25,000 VA 
* DRYER... 5000 VA 
e RANGE... 8000 VA 
e OTHER FIXED APPLIANCES... 6375 VA 
DEMAND LOAD TOTAL = 51,050 VA 
IF WE DIVIDE THE DEMAND LOAD TOTAL BY THE VOLTAGE 
SUPPLIED, WE FIND THE REQUIRED CURRENT CARRYING CAPACITY 
OF THE PHASE CONDUCTORS. (SERVICE ENTRANCE HOT LEGS) 
51,050 VA 
Ee ee 212.7A 


THUS, TWO #4/0 COPPER CONDUCTORS WOULD BE REQUIRED 
FOR THE PHASE CONDUCTORS 


NOW, TO CALCULATE THE SERVICE NEUTRAL FEEDER: 

ADD THE DEMAND LOADS, AS FOUND PREVIOUSLY, FOR 

ALL THE STRICTLY 120-VOLT CIRCUIT ITEMS: 

A. GENERAL LIGHTING/KITCHEN AND LAUNDRY 
LOADS... 6675 VA 

B. DISHWASHER (@ 75% DEMAND) 1500 VA 

C. CLOTHES WASHER (@ 75% DEMAND) 1125 VA 

TOTAL 9300 VA 


5000 VA 
2000 VA 


LIST THE 120 V/240 V CIRCUIT DEVICES WITH THEIR APPROPRIATE DEMAND 


LOADS AND ADD THESE TOGETHER: 
A. RANGE 8000 VA @ 70% DEMAND 5600 VA 
B. DRYER 5000 VA @ 70% DEMAND 3500 VA 
TOTAL 9100 VA 
ADD TOTALS FROM STEP 1 AND STEP 2: 
9300 VA + 9100 VA = 18,400 VA 
AND DIVIDE THIS BY 240 VOLTS TO DETERMINE THE CURRENT 
CARRYING CAPACITY OF THE SERVICE NEUTRAL CONDUCTOR: 
18,400 VA 
-240 VA = 76.66 A 


THUS, ONE #4 AWG COPPER CONDUCTOR WOULD BE REQUIRED FOR THE 


SERVICE NEUTRAL. 


[NEC TABLE 220.3(A)] 


9000 VA or 9 kVA 
[NEC 220.16] 

3000 VA 

1500 VA 


4500 VA or 4.5 kVA 


[NEC TABLE 220.11] 


3000 VA 
3675 VA 


6675 VA 


[NEC 220.15] 
[NEC 220.18} 


8000 VA [NEC TABLE] 
[220.19, COL. A] 


[NEC 220.17] 


[NEC TABLE 310.16, COL. 2] 


[NEC 220.11] 
[NEC 220.17] 
[NEC 220.17] 


[NEC 220.22] 
[NEC 220.22] 


[NEC TABLE 310.16, COL. 2] 


The standard method for calculating service conductor and feeder size based on load requirement. 


Modern Residential Wiring 


MINIMUM SIZE COPPER WIRE REQUIRED TO ALLOW NOT MORE THAN 2% VOLTAGE DROP TEMPERATURE i 
CONVERSION TABLE 
ON 120-VOLT CIRCUITS FOR DISTANCES SHOWN n 


Length of Circuit in Feet (One Way) 
90 


120 


100 140 160 


1 Se eee on PA Res 14 
1.5 ie LS 14 14 14 12 
2 ioe. ioe 14 14 14 14 10 
3 l4 l4 14 14 14 12 12 12 8 
4 14 a ia 14 dae «12 12 10 10 10 8 8 8 
5 14 14 1494 12 1299s 10 10 10 10 8 8 8 6 
6 144 14 a is i Ie I0 iO 10 8 8 8 8 6 6 
7 l4 14 14 l4 12 12 12 10 10 10 8 8 8 6 6 6 6 
8 14 14 14 12 12 12 10 10 10 8 8 8 8 6 6 6 5 
9 l4 14 12 12 12 10 10 10 8 8 8 8 6 6 6 5 5 
10 |14 14 14 12 12 10 10 10 10 8 8 8 6 6 6 5 5 4 
12 |14 aa 12 12 Io nonio 5 8 sg 8 6 6 6 5 5 4 4 
14d [14 d4 12 12 O O A S ea g 8 6 6 6 5 5 4 4 
16 |14 12 12 10 10 8&8 8&8 8 8 6 6 6 5 5 4 3 3 2 
18 |12 12 10 10 8 8&8 8 8 6 6 6 5 5 4 4 3 2 D 
20 |12 12 10 10 8 8 8 6 6 6 5 5 4 4 3 2 2 1 1 
25 110 10 10 8 8 6 6 6 6 5 4 4 3 3 2 1 1 0 1 
30 8 8g 8 8 6 6 6 6 5 4 4 3 3 2 1 1 0 0 1 
35 B 8 8&8 6 6 6 5 5 4 4 3 2 2 1 1 o 00 00 1 
40 6 6 6 6 6 5 5 4 4 3 2 2 1 1 o 00 00 000 ; 
45 6 6 6 6 6 5 4 4 3 8 2 ‘l 1 0 00 00 000 000 2 
50 G 6 6 6 5 Ad aA 3 Fa 1 1 0 0 00 000 000 0000 
60 ad A Ad eed 1 0 0 00 000 000 0000 0000 23. 
70 & A A 4a ag o 2 0 00 00 000 000 0000 0000 ........ 94. 
80 g a 3 a 3 2al 131 0 0 00 000 000 0000 0000 a.. a. 26. 
30 2 2? 2 2 2 2 1ı 1 © 00 00 000 000 0000 0000... ... | 28. 
100 1 1 1 1 i i 1 0 0 00 000 000 0000 0000 wi. le cece eree 30. 
120 Oo 0 o o 0 @M 0 0O 00 00 000 0000 0000 ee mee eree e  connoaon 3 
33. 
3 
3 
ON 240-VOLT CIRCUITS FOR DISTANCES SHOWN 7 
4 
Length of Circuit in Feet (One Way) 4 
Cap. 46. 
Amps. 180 200 240 
4 
1 ee eee eee 5 
1, bef) oes 4 5 
2 see Bob 2 5 
3 o n l4 14 2 5 
4 Wo ow oa a ig 2 2 
S 14 4 A A o A 0 
6 14 14 14 #14 #14 «12 «12 «12 8 
7 i 14 94 da ie a a O ee 8 8 6 
8 ae l4 l4 14 14 14 12 12 12 10 10 10 8 8 8 64. 
9 ind 14 14 14 14 12 12 12 10 10 10 8 8 8 8 6 
10 i l4 l4 14 l4 12 12 12 10 10 10 10 8 8 8 6 6 
12 e 14 A a a 12 a a o O IO 8 8 8 8 6 6 6 
ae a aaa a a ao a Mme A G 8 5 6 6 6 6 i 
16 woo, Fata) T10 10 8 8 8 8 6 6 6 6 7 
ES ce I ae 8 8 8 8 6 6 6 5 5 
20 lie 12) 1212 8129 @ ww O 0 8 8 8 6 6 6 5 5 4 7 
25 |10 10 10 10 10 10 10 8 8 8 6 6 6 6 5 4 4 3 7 
30 8 8 8 8&8 8 8 8 8 8 6 6 6 6 5 4 4 3 3 8 
35 8 8 8 8 8 8 8s 8 6 6 6 5 5 4 4 3 2 2 8 
40 6 6 6 6 6 6 6 6 6 6 5 5 4 4 3 2 2 1 8 
slae 6 6 6 o co o l u a” meer Be: 
50 6 6 6 6 6 6 6 6 6 5 4 4 3 3 2 1 1 0 z 
60 4 4 4 4 4 4 4 4 4 4 4 3 3 2 1 1 0 0 3 
70 4 4 à a 4 4 4, 4 4 4 3 2 2 l l 0 00 00 9 
30 3 2 3 3 3 3 § 223 3 3 2 2 1 1 0 00 00 000 9 
90 2 2 oe 2 2 2 2 2 2 1 1 0 00 00 000 000 9 
100 1 1 1 1 1 1 1 1 1 1 1 1 0 0 00 000 000 0000 9 
120 0 0 0 0 0 0 0 0 0 0 0 0 0 00 000 000 0000 0000 9 
0 


Voltage drop tables for 120 and 240-volt circuits using copper wire. 
(General Electric Co.) 
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Table for converting Celsius 
temperature to Fahrenheit. 
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Technical Information 


(Temperature, 20° C) 


Gauge Diameter Cross Section Resistance 
Number (mm) (mm?) (2/km) (m/&) 


0000 11.68 107.2 0.1608 6219 

10.40 85.03 0.2028 4932 
9.266 67.43 0.2557 3911 
8.252 53.48 0.3224 3102 
7.348 42.41 0.4066 2460 
6.544 33.63 0.5027 1951 
5.827 26.67 0.6465 1547 
5.189 21.15 0.8152 1227 
4.621 16.77 1.028 9729 
4.115 13.30 1.296 771.5 
3.665 10.55 1.634 611.8 
3.264 8.366 2.061 485.2 
2.906 6.634 2.599 384.8 
2.588 5.261 3.277 305.1 
2.305 4.172 4.132 242.0 
2.053 3.309 5.211 191.9 
1.828 2.624 6.571 152.2 
1.628 2.081 8.258 120.7 
1.450 1.650 10.45 95.71 
1.291 1.309 13.17 75.90 
1.150 1.038 16.61 60.20 
1.024 0.8231 20.95 47.74 
0.9116 0.6527 26.42 37.86 
0.8118 0.5176 33.31 30.02 
0.7230 0.4105 42.00 23.81 
0.6438 0.3255 52.96 18.88 
0.5733 0.2582 66.79 14.97 
0.5106 0.2047 84.21 11.87 
0.4547 0.1624 106.2 9.415 
0.4049 0.1288 133.9 7.486 
0.3606 0.1021 168.9 5.922 
0.3211 0.08098 212.9 4.697 
0.2859 0.06422 268.5 3.725 
0.2546 0.05093 338.6 2.954 
0.2268 0.04039 426.9 2.342 
0.2019 0.03203 538.3 1.858 
0.1798 0 02540 678.8 1.473 
0.1606 0.02014 856.0 1.168 
0.1426 0.01597 1079 0.9265 
0.1270 0.01267 1361 0.7347 
0.1131 0.01005 1716 0.5827 
0.1007 0.007967 2164 0.4621 
0.08996 0.006318 2729 0.3664 
0.07987 0.005010 3441 0.2906 


00 
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Properties of copper wire. 


MOTOR FULL LOAD CURRENT FOR ONE PHASE 60 Hz 
AC INDUCTION MOTORS 
Full-Load Currents in Amperes 
Single-Phase Alternating-Current Motors 
The following values of full-load currents are for motors running at 
usual speeds and motors with normal torque characteristics. Motors 
built for especially low speeds or high torques may have higher full- 


load currents, and multispeed motors will have full-load current varying 
with speed, in which case the nameplate current ratings shall be used. 


Values of full-load current for motors running at usual speeds and with normal torque characteristics. 
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NEMA Config. 
and Contig. No. 


NEMA Conlig. 
and Contig. No. 


NEMA Contig. 


Rating and Config. No. 


Page Rating Page 


2-Pole—3-Wire— Grounding 3-Pole—3-Wire—Not Grounding 
(Continued) (Continued) 


15A., 125V.; 
10A., 250V. 20A., 600V. 
(Midget) 
L9-20R 


20A., 3¢, 480V. 


30A., 250V. 


30A., 125/250V. 


= 
A 


15A., 125V. 30A., 125V. 
20A., 250V. 30A., 250V 


2-Pole—3-Wire— Grounding 


30A., 277V., AC 30A., 3¢, 250V. 


30A., 480V. 
30A., 600V. 
L9-30R 


3-Pole—3-Wire—Not Grounding 
50A., 250V., DC 


50A., 600V., AC 


N 
15A., 125V. 


(Midget) 


15A., 125V. 


15A., 250V. 


(a 


= 
T 
S] 
D 


30A., 3p, 480V. 


—_ 


ar 
(e) (64) 


30A., 39, 600V. 


15A., 125/250 V. 


15A., 277V. A f 
c (Midget) 


20A., 125V. 
20A., 250V. 


20A., 277V., AC 


20A., 480V. 


3-Pole—4-Wire— Grounding 


i 
N 
ò 
D 


20A., 125/250V. 20A., 3¢, 250V. 
20A., 125/ 250V. 20A., 3¢, 480V. 


20A., 3¢, 250V. 30A., 125/ 250V. 


8:010 


L14-30R 


z 
n 
Ò 
D 


15A., 125V.; 
F 10A., 250V. 20A., 125/250V. 


Plug receptacle configurations. 
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NEMA Contig. 
Rating and ee No. 


3-Pole—4- ~~ 3-Pole—4-Wire—Grounding “4-Pole—4-Wire—Not Grounding __ Grounding 
onli) (Caniihued) POWER INTERRUPTING DEVICES 
3-Pole—3-Wire & 2-Pole—3-Wire 


20A., 125V. 

AC or DC 5 
10A., 250V. 

480V., AC 


4-Pole—4-Wire & 3-Pole—4-Wire 


20A., 250V., DC GR 
30A., 600V., AC 
41 
GR 


NEMA Contig. 
and ae eee ee No. 


NEMA Contig. 


Page Rating and ae Ee No. 


Page Rating Page 


30A., 39, 250V. 30A., 3Y 
277/480V. 


L15-30R 


5 
s D 30A., 39 “Co 
30A., 39, 480V. ~ 39 
2 s 347/600V. = 


L16-30R L20-30R 


30A., 250V. 
AC or DC 


30A., 3¢, 600V. 
wae 600V. 


20A., 250V., DC 
30A., 600V., AC 


4-Pole—5-Wire 


20A., 250V., DC 
30A., 600V., AC 


20A., 3¢Y 
., 600V., AC 120/208V. 


Q 
~ 


w w (9S) (0S) 
œ œ N 


20A., 3¢Y 
., 600V., AC 277/480V. 


20A., 3¢Y 


347/600V. 
20A., 250V. 
AC or DC 


10A., 600V. 
AC 


@ 
~N 


304A., 3¢Y 
120/ 208V. 


20A., 3¢Y 
120/208V. 


ó 
30A., 3¢Y “ol 
277/480V. = 


20A., 3¢Y L22-30R 


277/480V. 


30A., 3¢Y 
347/600V. 
L23- 30R 


œ 


120/208 V. 


Note that “L” series of catalog numbers in this section relate directly to NEMA Configuration numbers. 


Continued. 
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‘panunuop 
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am 
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2 WIRE 3 WIRE 4 WIRE 5 WIRE 
SYSTEMS SYSTEMS SYSTEMS SYSTEMS 


SINGLE PHASE TRANS 


RED 
s foo WHITE 

BLACK 

GREEN 


SYS EQUIP 
GA GR 

SINGLE PHASE 125V N w R WH ar 

AC EDISON a a 125/250V 125V 250V 125/250V 

USUAL VOLTAGE 3P 2P,3W 2P, 3W 3P, 4W 

IS 125/250V GRDNG GRDNG GRONG 


(SOMETIMES IDENTIFIED AS 115/230 V) 


110V 220V 220V, 3-PHASE 
2P, 3W 3-PHASE W/GRD NEUT 
GRDNG 3P 4P 


BLUE OR 
ORANGE 


RED 
WHITE 
BLACK 
GREEN 


S o | ill | e TL “( k’CO 
o e o a ee e auae 


SYS EQUIP 


GR GR 
DELTA 
CONNECTED ee AEON 4 x WH Y Y 
jour bee ae 2P 2P 125/250V 250V 125/250V 250V, 250V, 3-PHASE 
IS 125/250V oe 2P, 3W 3P, 4W 3-PHASE W/GRD NEUT 
GRDNG GRDNG 3P, 4W 4P, 5W 
(SOMETIMES IDENTIFIED AS 110/220 V) GRONG GRDNG 
120V 208V 208V, 3-PHASE 
THIS DIAGRAM ALSO REPRESENTS 2P, 3W 3-PHASE W/GRD NEUT 
277/480V AND 347/600V SYSTEMS GRDNG 3P 4P 


WH 


BLUE OR 
ORANGE 
RED 


WHITE 


J em OOo e T d o A 
Lt ë E = ë LE 
mf En BEM 


t += “Y” CONNECTED 
SYS EQuiP — 3-PHASE 

GR GR USUAL VOLTAGE 
iS 120/208V s 


120V 208V ZY X WH Y Y 
2P 2P 120/208V 208V 120/208V 208V,3-PHASE 208V, 3-PHASE 
3P 2P, 3W 3P, 4W 3P, 4w W'GRD NEUT 
GRDNG GRDNG GRDNG 4P, 5W 
GRDNG 


Power circuits and terminal identification. (Slater Electric, Inc.) 
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FOOD PREPARATION 

Blender 

Broiler 

Carving Knife 

Coffee Maker 

Deep Fryer 

Dishwasher 

Egg Cooker 

Frying Pan 

Hot Plate 

Mixer 

Oven, Microwave {only} 

Range —Conventional Oven 
— Self-Cleaning Oven 

Roaster 

Sandwich Grill 

Toaster 

Trash Compactor 

Waffle Iron 

Waste Disposal 


FOOD PRESERVATION 
Freezer (15-21 cu. ft.) 
Chest type, manual defrost 
Upright type 
Manual Defrost 
Automatic Defrost 
Refrigerator/Freezer 
Manual Defrost 
10-15 cu. ft. 
Automatic Defrost 
16-18 cu. ft. 


Automatic Defrost 
20 cu. ft. and up 


Technical Information 


É base X altitude 
2 


Circumference of circle = x X diameter = 2r X radius 


Area of triangle 


Area of circle = r X radius? = ~ X diameter? 


= 4x X radius? = r X diameter? 
_ r X radius? _ 


Volume of sphere w X diameter? 


} = area of base X altitude 


Surface of sphere 


Volume of prism 
Volume of cylinder 
x = 3} 


Rules for computing areas and volumes of different shapes. 


Est KWH Est KWH 
Average Used Used 
Wattage Annually Monthly 
LAUNDRY 
300 1 i Clothes Dryer 
1,140 85 7 iron (hand) 
92 8 y Washing Machine 
894 106 9 Automatic 
1,448 83 7 Non-Automatic 
1,201 363 30 Water Heater 
516 14 1 With Laundry 
1,196 100 8 Without Laundry 
1,200 90 7 
127 2 = HEALTH AND BEAUTY 
1,450 190 16 Germicidal Lamp 
12,200 1,175 98 Hair Dryer 
12,200 17205 100 Heat Lamp, (infrared) 
1,338) 60 5 Shaver 
1,161 33 3 Sun Lamp 
1,146 39 3 Tooth Brush 
400 50 4 Vibrator 
1,200 20 2 
445 7 i HOME ENTERTAINMENT 
Radio 
Radio/Record Player 
Television 
= 1,320 110 Black and White 
Tube Type 
= 1,320 110 Solid State 
— 1,985 165 Color 
Tube Type 
Solid State 
— 700 58 
HOUSEWARES 
— 1,795 150 Clock 
Floor Polisher 
— 1,895 158 Sewing Machine 


Vacuum Cleaner 


Appliance power consumption. 


Average 
Wattage 


4,856 
1,100 


512 
286 


4,500 
4,500 


20 
381 
250 

15 
BUS, 


630 


Est KWH 
Used 
Annually 


993 
60 


103 
76 


6,000 
4,800 


141 


Est KWH 
Used 
Monthly 


83 
5 


44 
2 


fsa = = 


Modern Residential Wiring 


Electric Motor Frame Size 


All Dimensions in Inches Key 

NEMA Vv (§) 

Frame DC) 2E 2F BA H N-W U Min. Wide Thick Long 
42 2% aie 1'e 2he %2 slot 1% % — — é flat — 
48 3 4a% 2%. 2k "42 slot 1% % _ — ee flat — 
56 i 3 P 
56H 3% Sh 385(t) 2% %e slot 1" (t) % (t) = re (t) Ne (t) 1% (t) 
56HZ 3% oe ve i ae 2'4 % 2 Xe Me 1% 
66 4% 5% 5 3% 42 slot 2% % — Ne Ne 1% 

143T 

145T See 5% z 2'4 "42 dia 2% % 2 He Ne 1% 

182 4'% 

1827 4'2 7% 4% 2% "4. dia. 

184T 5'% 2h 1% 2% Va KA 1% 

203 # 5% 

204 # s 8 6% 3% %2 dia. 2" % 2 Ne Ne 1% 

213 1 

215 ae 3 1⁄4 au “a Va 2 

213T S4 8% 5% 3" "4 dia. 

215T 7 3% 1% 3% he he 2% 

224 # 3 

225# 5% 9 a 3% "% dia. 3 1 2% KA % 2 

254# 6% 10 8% 4% 4 dia. 3% 1! 3'4 Va KA 2 

254U v 

256U r : 3% tr 32 He Ne aM 

Bear 6'4 10 aN 4% "Az dia. 

256T 10 4 1% 3r % % 2A 

284 # rd 11 9% 4% 42 dia. 3 m 3% a Ve 2% 

284U t 

PEN A 4% 1% 4% % % 3% 

BAT 7 11 9% 4% h dia. 

286T 11 4% 1% 4% % A 3% 

324 # 10' 

os 8 12" i 5% 72 dia. a’ 1% aXe * 3% 

324U 10° 

326U 2 55% 14 5% 2 % 4% 

3247 8 12" 10% 5% 2142 dia. 

326T 12 5'4 2'4 5 yA % 3% 

326TS 12 374(4) 17a(4) 3'2(4) % % 2(4) 

364 # 11% 55s 14 5% A % 4% 

364S # 11% Ma 1% 3 *% % 1% 

364T 9 14 11% 5% 22 dia 5% 2% 554 % % 4a 

365 # 12% St 1⁄4 5% ia 4 4% 

365T 12% 54 2% 5% % % 4% 

a 

2 9 14 A S's ho dia 6% 2% 6% A He 5 

404T 12% 

405T 10 16 ie 6% ‘Me dia. 7'4 2% 7 1 % 5% 

444 y 

ce 11 18 a 7⁄2 "he dia 8'2 3% 8% '% %4 6's 


(°) Dimension D will never be greater than the above values on ngid mount motors, but it may (°°) Base of Dayton 56HZ frame motors has holes and slots to match NEMA 56, 56H, 143T and 


be less so that shims up to a” thick may be required for coupled or geared machines 145T mounting dimensions. 
(t) Dayton motors designated 56H have two sets of 2F mounting holes—3* and 5°. (t) Certain NEMA 56Z frame motors have 7° dia. X 1%" long shaft with Yea” flat These excep- 
(å) Standard short shaft for direct-dnve applications tions are noted in this catalog. 
(#) Discontinued NEMA frame. (§) Dimension "V" is shaft length available for coupling, pinion or pulley hub—this ss a minimum 
value. 


NEMA Letter Designations Following Frame Number 


C Face mount; see next page. M.N Flange mount for oil bumer, see next page. 

H Has 2F dimension larger than same frame without H suffix. T.U Integral HP motor dimension standards set by NEMA in 1964 and 1953. 

J Face mount for jet pumps; see next page. Y Non-standard mounting; see manufacturer's drawing for mounting dimensions. 
K Has hub for sump pump mounting; see next page for dimensions. Z Non-standard shaft (NW, U dimensions). 


Frame size information for electric motors. 
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NEMA and NEC Enclosure Types 


Natlonal Electrical Manufacturers Association 
NEMA Standards 1-10-1979. 


Type 
Designation Intended Use and Description 

1 Enclosures are intended for indoor use primanly to provide a 
degree of protection against contact with the enclosed equip- 
ment. 
Enclosures are intended for indoor use pnmanily to provide a 
degree of protection against limited amounts of falling water 
and dirt. 
Enclosures are intended for outdoor use primarily to provide a 
degree of protection against windblown dust, rain, sleet, and 
external ice formation. 
Enclosures are intended for outdoor use pnmanily to provide a 
degree of protection against falling rain, sleet, and external ice 
formation. 


Enclosures are intended for indoor or outdoor use primanily to 
provide a degree of protection against windblown dust and rain, 
splashing water, and hose-directed water. 

Enclosures are intended for indoor or outdoor use primarily to 
provide a degree of protection against corrosion, windblown 


dust and rain, splashing water, and hose-directed water. 


Submersible, watertight, dusttignt and sleei-(ice) resistant— 
indoor and outdoor. A type 6 enclosure is suitable for indoor and 
outdoor application where the equipment may be subject to oc- 
casional submersion, as in quarnes, mines and manholes. The 
design of the enclosure will depend upon the specified condi- 
tions of pressure and time. 

Class ! (Groups A, B, C or D) Indoor Hazardous Locations—Air 
Break Equipment. Suitable for indoors, these enclosures are 
designed to meet the application requirement of the National 
Electncal Code for Class | hazardous locations which may be in 
effect from time to time. In this type of equipment, the circuit in- 
terruption occurs in ar. 

Class Il (Groups E, F, or G) Indoor Hazardous Locations—Air 
Break Equipment. Suitable for indoors, these enclosures are 
designed to meet the application requirements of the National 
Electrical Code for Class |l, Groups E, F and G locations. 
Enclosures are intended for indoor use pnmanily to provide a 
degree of protection against dust, falling dirt, and dripping non- 
corrosive liquids. 

Enclosures are intended for indoor use pnmanily to provide a 
degree of protection against dust, spraying of water, oil, and 
noncorrosive coolant. 


Use and description of enclosure types. 


3-WIRE SINGLE-PHASE SERVICE CONDUCTOR SIZES FULL-LOAD CURRENTS 
FOR 1¢ AC MOTORS 
SERVICE AWG- AWG- (BASED ON HORSEPOWER) 


COPPER-CLAD 
RATING COPPER ALUMINUM HORSEPOWER VOLTAGE RANGE 
(HP) 110-120 220-240 
4 


Modern Residential Wiring 


Values of trignometric functions. 
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NEC TABLES 


Pages 269-273 contain reproductions of some tables from the National Electrical Code that are useful to 
a residential electrician. These tables are provided to help you become more comfortable with the presenta- 
tion and location of material in the NEC. These tables are not a substitute for the National Electrical Code. 
The information contained in these tables is only a portion of the material you need to know to perform a safe 
electrical installation. Before using any tables reproduced in this text, be sure to consult the appropriate sec- 


tions in the National Electrical Code. 


Tables 110.26(A)(1) and 110.34(E) provide clear dis- 
tance requirements for areas around electric equip- 
ment. Refer to Article 110 for additional information. 


Table 110.26(A)(1) Working Spaces 


Nominal Minimum Clear Distance 
Voltage to ae : 
Ground Condition 1 Condition 2 Condition 3 
0-150 900 mm (3 ft) 900 mm (3 ft) 900 mm (3 ft), 
151-600 900 mm (3 ft) 1 m (31⁄2 ft) 1.2 m (4 ft) 


Note: Where the conditions are as follows: 

Condition 1 — Exposed live parts on one side and no live or 
grounded parts on the other side of the working space, or exposed 
live parts on both sides effectively guarded by suitable wood or 
other insulating materials. Insulated wire or insulated busbars 
operating at not over 300 volts to ground shall not be considered 
live parts. 

Condition 2 — Exposed live parts on one side and grounded parts 
on the other side. Concrete, brick, or tile walls shall be considered 
as grounded. 

Condition 3 — Exposed live parts on both sides of the work space 
(not guarded as provided in Condition |) with the operator between. 


Table 110.34(A) Minimum Depth of Clear Working Space at 
Electrical Equipment 


Minimum Clear Distance 


Nominal Voltage 
Condition 3 


to Ground Condition 1 Condition 2 
601-2500 V 900 mm (3 f) 1.2 m (4 ft) 1.5 m (5 ft) 
2501—9000 V 1.2 m (4 ft) 1.5 m (5 ft) 1.8 m (6 ft) 
9001-25,000 V 1.5 m (5 ft) 1.8m (6ft) 2.8 m (9 ft) 
25,001 V-75 kV 1.8 m (6 ft) 2.5m(8ft) 3.0m (10 ft) 
Above 75 kV 2.5 m (8 ft) 3.0m (10 ft) 3.7m (12 ft) 


Note: Where the conditions are as follows: 

Condition 1 — Exposed live parts on one side and no live or 
grounded parts on the other side of the working space, or exposed 
live parts on both sides effectively guarded by suitable wood or 
other insulating materials. Insulated wire or insulated busbars 
operating at not over 300 volts shall not be considered live parts. 
Condition 2 — Exposed live parts on one side and grounded parts 
on the other side. Concrete, brick, or tile walls shall be considered 
as grounded surfaces. 

Condition 3 — Exposed live parts on both sides of the work space 
(not guarded as provided in Condition 1) with the operator between. 


Table 220.3(A) provides the general lighting loads for 
various types of buildings and areas. 


Table 220.3(A) General Lighting Loads by Occupancy 


Unit Load 
Volt-Amperes per Volt-Amperes per 
Type of Occupancy Square Meter Square Foot 
Armories and 1] 1 
auditoriums 
Banks 39> 34> 
Barber shops and 33 2 
beauty parlors 
Churches 1] l 
Clubs 22 2 
Court rooms 22 2 
Dwelling units? 33 3 
Garages — 6 V2 
commerical (storage) 
Hospitals 22 
Hotels and motels, 22 2 
including apartment 
houses without 
provision for 
cooking by tenants* 
Industrial commerical 22 2 
(loft) buildings 
Lodge rooms 17 1⁄2 
Office buildings 39 314 
Restaurants 22 2 
Schools 33 3 
Stores 33 3 
Warehouses (storage) 3 14 
In any of the preceding 
occupancies except 
one-family dwellings 
and individual 
dwelling units of 
two-family and 
multifamily 
dwellings: 
Assembly halls 11 l 
and auditoriums 
Halls, corridors, 6 2 
closets, stairways 
Storage spaces 3 Y% 


4See 220.3(B)( 10). 

>In addition, a unit load of 11 volt-amperes/m? or | volt-ampere/ft 
shall be included for general-purpose receptacle outlets where the 
actual number of general-purpose receptacle outlets is unknown. 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the 
complete and official position of the National Fire Protection Association on the referenced subject, which is represented only by the standard in its entirely. 
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Table 310.15(B)(6) provides required conductor size for service and feeder conductors. The size is based on 
the amperage rating of the service or feeder. 


Table 310.15(B)(6) Conductor Types and Sizes 
for 120/240-Volt, 3-Wire, Single-Phase Dwelling 
Services and Feeders. 


Conductor (AWG or kemil) 


Aluminum or Service or 
Copper-Clad Feeder Rating 

Copper Aluminum (Amperes) 
4 2 100 
3 jl 110 
2 1/0 125 
i 2/0 150 
1/0 3/0 175 
2/0 4/0 200 
3/0 250 225 
4/0 300 250 
250 350 300 
350 500 350 
400 600 400 


Table 250.66 is used to determine the proper size for the grounding electrode conductor. The size is based 
on the size of the service-entrance conductor. 


Table 250.66 Grounding Electrode Conductor for 
Alternating-Current Systems 


Size of Largest Ungrounded 
Service-Entrance Conductor 


or Equivalent Area for Size of Grounding 
Parallel Conductors? Electrode Conductor 
(AWG/kemil) (AWG/kemil) 
Aluminum or Aluminum or 
Copper-Clad Copper-Clad 
Copper Aluminum Copper Aluminum? 
2 or smaller 1/0 or smaller 8 6 
l or 1/0 2/0 or 3/0 6 4 
2/0 or 3/0 4/0 or 250 4 2 
Over 3/0 Over 250 2 1/0 
through 350 through 500 
Over 350 Over 500 1/0 3/0 
through 600 through 900 
Over 600 Over 900 2/0 4/0 
through through 
1100 1750 
Over 1100 Over 1750 3/0 250 
Notes: 


1. Where multiple sets of service-entrance conductors are used as 
permitted in 230.40, Exception No. 2, the equivalent size of the 
largest service-entrance conductor shall be determined by the largest 
sum of the areas of the corresponding conductors of each set. 

2. Where there are no service-entrance conductors, the grounding 
electrode conductor size shall be determined by the equivalent 
size of the largest service-entrance conductor required for the load 
to be served. 

"This table also applies to the derived conductors of separately 
derived ac systems. 

>See installation restrictions in 250.64(A). 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the 
complete and official position of the National Fire Protection Association on the referenced subject, which is represented only by the standard in its entirely. 
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Table 310.16 provides allowable amperage for various conductor sizes. This table is used to determine the 
required conductor size for a known load. 


Table 310.16 Allowable Ampacities of Insulated Conductors Rated 0 Through 2000 Volts, 60°C Through 90°C 
(140°F Through 194°F), Not More Than Current-Carrying Conductors in Raceway, Cable, 
or Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F) 


Temperature Rating of Conductor (See Table 310.13.) 


60°C 75°C 90°C | 60°C ‘i 75°C 90°C 
| (140°F) (167°F) (194°F) | (140°F) ul (167°F) (194°F) 
| Types TBS, SA, SIS, | Types TBS, SA, SIS, 
| | FEP, FEPB, MI, RHH, | THHN, THHW, 
| RHW-2, THHN, THW-2, THWN-2, 
Types RHW, THHW, THW-2, | Types RHW, | RHH, RHW-2, USE-2, | 
THHW, THW, THWN-2, USE-2, XHH, | THHW, THW, THWN-2, USE-2, XHH, 
Types TW, THWN, XHHW, | XHHW, XHHW-2, Types TW, THWN, XHHW, XHH, XHHW, 
Size AWG E UF USE, ZW ZW-2 UF USE XHHW 2, ZW: as Size AWG 
or kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM | or kemil 
18 | — — | — 
16 — — | = 
14* 20 20 — 
Wes 25 | 25 12* 
10* 30 | 35 10* 
8 40 50 8 
6 55 65 6 
4 70 85 4 
3 85 100 3 
2 95 115 2 
| 110 130 1 
1/0 125 150 1/0 
2/0 145 175 2/0 
3/0 — 165 200 3/0 
4/0 195 230 4/0 
250 ji 215 ii 255 250 
300 240 285 300 
350 260 310 350 
400 280 335 400 
500 320 380 500 
600 355 420 600 
700 385 460 700 
750 400 475 750 
800 410 490 800 
900 LE 435 520 900 
1000 455 545 1000 
1250 495 590 1250 
1500 520 625 1500 
1750 545 650 1750 
2000 560 665 2000 


CORRECTION FACTORS 


Ambient 
Temp. (°F) 


Ambient For ambient temperatures other than 30°C (86°F), multiply the allowable ampacities shown above by the 
Temp. (°C) appropriate factor shown below. 


114-122 
Petal 
132-140 
141-158 
159-176 


56-60 


* See 240.4(D). 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the 
complete and official position of the National Fire Protection Association on the referenced subject, which is represented only by the standard in its entirely. 
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Table 430.147 provides full-load current values for direct-current motors. The full-load current is based on the 
horsepower and voltage ratings. 


Table 430.147 Full-Load Current in Amperes, 
Direct-Current Motors 


The following values of full-load currents* are for motors running at 
base speed. 


Armature Voltage Rating* 


Horse- 90 120 180 240 500 550 
power Volts Volts Volts Volts Volts Volts 


% 4.0 M 2.0 Ii = me 
A 52 4.1 2.6 ly N= = 
Y 68 5.4 3.4 Det a = 
% 96 7.6 4.8 oo = 
lee 9.5 6.1 a = 
iA, = 13.2 8.3 6.6 — = 
a 17 10.8 go a = 
3 = 25 16 iv ae = 
5 = 40 27 20 _ = 
m — 58 = 29 13.6 122 
io. Ge 76 = 38 18 16 
15 = = = 55 27 24 
a = = = 72 34 31 
25 = = = 89 43 38 
BOP a= = == 106 51 46 
AQ = = 140 67 6] 
S00 = e 173 83 75 
o — = = 206 99 90 
75 = = = 255 123 111 
100. — a = 341 164 148 
125 = 2 = 425 205 185 
i560 = a = 506 246 2 
200 5 = = 675 330 294 


* These are average dc quantities. 


Table 430.52 provides maximum ratings for overcurrent protective devices for motor branch circuits. Note that 
the allowable setting is based on the type of motor and the type of overcurrent protective device. 


Table 430.52 Maximun Rating or Setting of Motor Branch-Circuit Short-Circuit 
and Ground-Fault Protective Devices 


Percentage of Full-Load Current 


Nontime Dual Element Instantaneous Inverse 
Type of Motor Delay Fuse! (Time-Delay Fuse!) Trip Breaker Time Breaker? 

Single-phase motors 300 175 800 250 
AC polyphase motors other than wound-rotor 

Squirrel cage — other than 300 175 800 250 

Design E or Design B energy efficient 

Design E 300 175 1100 250 

or Design B energy efficient 

Synchronous? 300 175 800 250 
Wound rotor 150 150 800 150 
Direct current (constant voltage) 150 150 250 150 


Notes: For certain exceptions to the values specified, see 430.54. 

'The values in the Nontime Delay Fuse Column apply to Time-Delay Class CC fuses. 

The values given in the last column also cover the ratings of nonadjustable inverse time types of circuit 
breakers that may be modified as in 430.52(C), Exception No. l and No. 2. 

3Synchronous motors of the low-torque, low-speed type (usually 450 rpm or lower), such as are used to 
drive reciprocating compressors, pumps, and so forth, that start unloaded, do not require a fuse rating or 
circuit-breaker setting in excess of 200 percent of full-load current. 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the 
complete and official position of the National Fire Protection Association on the referenced subject, which is represented only by the standard in its entirely. 
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Table 430.148 lists full-load currents for single-phase, alternating-current motors, based on the horsepower 
and voltage rating of the motor. 


Table 430.148 Full-Load Currents in Amperes, Single-Phase Alternating-Current Motors 
The following values of full-load currents are for motors running at usual speeds and motors with normal 
torque characteristics. Motors built for especially low speeds or high torques may have higher full-load 
currents, and multispeed motors will have full-load current varying with speed, in which case the nameplate 
current ratings shall be used. 

The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage 
ranges of 110 to 120 and 220 to 240 volts. 


Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 
16 4.4 25 2.4 22 
VY, 5.8 a5) 3.2 29 
1⁄4 T2 4.1 4.0 3.6 
Vr 9.8 5.6 5.4 4.9 
Ys 13.8 T9 7.6 6.9 

l 16 9.2 8.8 8.0 

I” 20 11.5 11.0 10 

2 24 13.8 12 12 

3 34 19.6 18.7 17 

5 56 322 30.8 28 

7% 80 46.0 44.0 40 
10 100 SIS 55.0 50 


Table 430.150 lists full-load currents for three-phase, alternating-current motors, based on the horsepower 
rating, voltage rating, and type of motor. 


Table 430.150 Full-Load Current, Three-Phase Alternating-Current Motors 
The following values of full-load currents are typical for motors running at speeds usual for belted motors and motors with normal 
torque characteristics 

Motors built for low speeds (1200 rpm or less) or high torques may require more running current, and multispeed motors will 
have full-load current varying with speed. In these cases, the nameplate current rating shall be used. 

The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage ranges of 110 or 120, 220 
to 240, 440 to 480, and 550 to 600 volts. 


Synchronous-Type Unity Power Factor* 


Induction-Type Squirrel Cage and Wound Rotor (Amperes) (Amperes) 

115 200 208 230 460 575 2300 230 460 575 2300 

Horsepower Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts 
VY 4.4 25 2.4 aD 1.1 0.9 — — — —- — 
% 6.4 3.7 35 32 1.6 ls — — — — — 
1 8.4 4.8 4.6 4.2 2u ilar — — — — — 
1% 12.0 6.9 6.6 6.0 3.0 2.4 — — — — — 
2 13.6 7.8 TS 6.8 3.4 2a — — — — — 
3 — 11.0 10.6 9.6 4.8 3.9 — — — — — 
5 — 175 16.7 15.2 7.6 6.1 — — — — — 
Wa — 253 24.2 22 ll J — — — — = 
10 — 322 30.8 28 14 li — — — — — 
15 — 48.3 46.2 42 21 17 — -— — — — 
20 — 62.1 59.4 54 2 22 = — — — — 
25 — 78.2 74.8 68 34 24 — 53 26 21 — 
30 — 92 88 80 40 92 — 63 32 26 -— 
40 — 120 114 104 52 4i — 83 41 33 — 
50 — 150 143 130 65 52 — 104 52 42 — 
60 — 177 169 154 77 62 16 123 61 49 12 

75 — 221 211 192 96 Ul 20 155 78 62 15 - 
100 — 285 273 248 124 99 26 202 101 81 20 
125 — 859 343 312 156 125 31 255 126 101 25 
150 — 414 396 360 180 144 37 302 151 121 30 
200 — 552 528 480 240 192 49 400 201 161 40 
250 — — — — 302 242 60 — — — — 
300 — — — — 361 289 12 — —- — — 
350 — — — — 414 336 83 — — — — 
400 — — = — 477 382 95 — — — — 
450 — — — — 515 412 103 — — — — 
500 — — — — 590 472 118 — -— — — 


* For 90 and 80 percent power factor, the figures shall be multiplied by 1.1 and 1.25, respectively. 


Reprinted with permission from the NFPA 70-2002, the National Electrical Code®, copyright© 2002, National Fire Protection Association, Quincy, MA 02269. This repnnted material is not the 
complete and cfficial position of the National Fire Protection Association on the referenced subject, which is represented only by the standard in its entirely. 
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ACCESSIBLE: Easily approached, removed or ex- 
posed. Not permanently concealed. 

AIEE: American Institute of Electrical Engineers. 

ALTERNATING CURRENT (ac): A periodic electric 
current that changes direction 60 times per 
second. 

ALTERNATOR: An alternating current machine 
which changes mechanical energy into electrical 
energy. 

AMBIENT TEMPERATURE: The temperature of the 
area which surrounds an appliance or the parts 
of an apparatus. 

AMERICAN WIRE GAUGE: The accepted standard 
for sizing wire-copper wire, brass wire, German 
silver wire and also the thickness of sheets of 
these materials, (AWG). 

AMMETER: Instrument which measures electric 
Current. 

AMPACITY: Current carrying capacity expressed in 
amperes. 

AMPERE: An electron flow of one coulomb per 
second. 

ANION: A negative ion; an ion which moves toward 
the anode in electrolysis. 

ANSI: American National Standards Institute. 

ANODE: The positive terminal, such as the plate in 
the electron tube or the positive post in 
electrolysis. 

ANNUNCIATOR: Electromagnetically operated 
signaling device. 

APPARENT POWER: Product of the effective cur- 
rent times the effective voltage. 

APPLIANCE: A current consuming device; utiliza- 
tion equipment such as clothes dryer, air condi- 
tioner, food processor or cooking devices. 


Glossary of Terms 


APPRENTICE: A beginner in a trade, usually serv- 
ing several years as a helper to a journeyman. 

APPROVED: Acceptable to authority or regulatory 
agency. 

ARCING: The forming of an electric arc across con- 
tacts of a switch or at motor or generator. 

ARMATURE: The revolving part in a generator or 
a motor. The vibrating or moving part of a relay 
or buzzer. 

ARMOR: A wrapping of metal, used to protect 
conductors. 

ARMOR CLAMP: A fitting used to attach armored 
cable to a junction box or other device. 

ARMORED CABLE: A flexible metal protective 
covering enclosing electrical conductors. 

ARRESTOR (lightning rod): A device used to pro- 
tect buildings, including electrical devices, from 
damage by lightning. 

ATOM: The smallest particle that makes up an ele- 
ment, of matter. 

AWG: American Wire Gauge, used in sizing wire by 
numbers. It is the same as Brown & Sharpe 
Gauge. 

BATTERY: Several voltaic cells connected in series 
or parallel; usually contained in one case. 

BATTERY CAPACITY: The ability of a battery to 
produce a given current over a period of time 
measured in ampere hours. A rated 100 ampere- 
hour battery will theoretically produce one ampere 
for 100 hours or two amperes for 50 hours, etc. 

BATTERY RESISTANCE: The internal resistance 
between plates and electrolyte in a cell or battery. 

BELL TRANSFORMER: A small transformer used to 
change the line voltage for operation of door bells 
or chimes. 
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BOND: The continuity of an electric connection 
across a joint or otherwise separated conductors. 

BONDING JUMPER: A conducter between metal 
parts which establishes electrical continuity. 

BOX: An enclosed panel for connecting conductors 
or mounting devices. 

BRAID: An interwoven fibrous or metal covering for 
conductors. 

BRANCH CIRCUIT: The part of a wiring system 
which extends beyond the control devices. 
BRANCH CIRCUIT CENTER: A central supply, from 

which the branch circuits extend. 

BRITISH THERMAL UNIT (Btu): The quantity of heat 
required to raise one pound of water one degree 
Fahrenheit. 

BROWN & SHARPE: The former name of the 
American Wire Gauge system of designation of 
wire sizes. B & S Gauge. 

BRUSH: A sliding contact to make connections to 
a rotating armature in a generator or motor. 
BURIED CABLE: Cable which lies below the grade 

surface. Also called direct burial cable. 

BUS: A conductor or common connection for two 
or more circuits. 

BUSHING: A device used to mechanically protect 
and insulate conductors passing through abrasive 
openings. 

BUILDING: A separate and distinct structure. 

BX CABLE: A flexible armored electric cable; flexi- 
ble metallic cover covers conductor wires. 

CABINET: An enclosure used to house the branch 
circuit connections and protective devices. 

CABLE: An arrangement of conductors in a protec- 
tive covering. 

CABLE JOINT: A connection of two or more lengths 
of cable. Often called a splice. 

CALORIE: The amount of heat energy required to 
raise one gram of water one degree Celsius. 
CANDLE: A unit of luminous intensity or brightness. 
CAPACITANCE: The inherent property of an elec- 
tric circuit that opposes a change in voltage. The 
property of a circuit whereby energy may be 

stored in an electrostatic field. 

CAPACITOR MOTOR: A modified version of the 
split-phase motor, employing a capacitor in series 
with its starting winding, to produce a phase 
displacement for starting. 

CARRYING CAPACITY: The ability of a conductor to 
Carry a current, expressed in amperes. Refer to 
the National Electric Code. 

CATION: A positively charged ion. 

CENTER-TAP: A connection made to the center of 
a coil. 

CELSIUS: A temperature measuring system in 
which O° equals the freezing point of water and 
100° equals the boiling point. 

CENTIMETER: One hundredth part of a meter; 
.3937 inches. 


CHARGE (Electric): An unequal distribution of elec- 
trons within or on an object. 

CIRCUIT: A conducting path for electrons. 

CIRCUIT BREAKER: A protective device, in the form 
of a relay, which opens the circuit in case of an 
overload; a device which can open or close an 
electrical circuit. 

CIRCULAR MIL: The area of a circle .001 in. in 
diameter; used to express wire cross-sectional 
area. 

CODE: See National Electrical Code. (NEC). 

COIL: Wire arranged in a spiral so as to create a 
magnetic field from current passing through it. 

COMMUTATOR: A group of bars providing connec- 
tions between armature coils and brushes. A 
mechanical switch to maintain current in one 
direction in external circuit. 

CONDENSER (Capacitor): A device which stores an 
electrical charge. 

CONDUCTANCE: The ability of an object to permit 
the flow of electrons; the opposite of resistance. 

CONDUCTOR: A substance which allows electrons 
to flow freely through it; an object having good 
conductance. 

CONDUIT: Electrical tubing either rigid or flexible, 
metallic or nonmetallic. 

CONDUIT BODY: A separate and accessible portion 
of a conduit system. 

CONDUIT FITTINGS: Materials used to connect a 
conduit system of electrical wiring. 

CONDUIT RUN: Continuous electrical duct between 
two points or devices. 

CONNECTED LOAD: The electrical power that 
would be needed if every load connected to the 
system were drawing power at the same time. 

CONTACTS: Conducting devices which may open 
or close to complete or interrupt a circuit. 

CONTINUITY: The ability of a current to flow con- 
tinuously through a length of conductor. 

CONTINUOUS DUTY: The operation of a circuit or 
device under a constant load for an indefinite 
period of time. 

CONTROLLER: A system of switches, relays, and 
instrumentation used to regulate voltage, current, 
speed, and other predetermined actions of an 
electrical machine or group of machines. 

CONVECTION: Transfer of heat by air, gas, or liq- 
uid containing thermal energy. 

CORD: Flexible insulated cable having small size 
conductors. 

COULOMB: 6.28 x 107 electrons is equivalent to 
1 coulomb. 

COUPLING: A threaded sleeve used to join the ends 
of two lengths of conduit. 

CSA: Canadian Standards Association. Operates a 
listing service for electrical materials and 
equipment. 

CURRENT: The rate of electron flow. A current of 
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1 ampere is equal to one coulomb per second. 

D'ARSONVAL METER: A stationary-magnet mov- 
ing coil meter. 

DEAD: Functioning portions of an electrical system 
having no voltage or charge. 

DEAD FRONT: Without exposed live parts. 

DELTA CONNECTION: A method of connecting 
three-phase alternators and transformers so that the 
start-end of one winding is connected to the 
finish-end of the second. The circuit configura- 
tion resembles the Greek letter A (Delta). 

DEMAND: The amount of power that a power com- 
pany must supply at a given time or period. 

DEMAND LOAD: Amount of power which would most 
probably be needed at any given time. Generally, 
the minimum demand load is considered to be about 
35 percent of the connected load. 

DIAGRAM, ELECTRICAL: Drawing which indicates 
parts and layout of electrical circuit. 

DIRECT CURRENT (dc): A steady, nonperiodic, cur- 
rent which does not vary. 

DROP, SERVICE: The overhead service conductors 
between the utility company’s last pole and the 
customer's first point of attachment. 

DROP, VOLTAGE: The electromotive force needed 
to cause the current to flow through a resistor. 

DUCT: Tube for carrying electrical conductors. 

DUPLEX RECEPTACLE: A double outlet receptacle 
used in house wiring. It provides outlets to con- 
nect lamps and appliances. The duplex receptacle 
is mounted in a metal box in the wall. 

EFFECTIVE VALUE: The root-mean-square value of 
alternating current or voltage. 

EFFICIENCY, ELECTRICAL: A percentage represent- 
ing the ratio of power output to power input. 
ELECTRICITY: A form of energy related to the 

atomic structure of matter. 

ELECTRODE: A conducting substance through which 
electricity goes to or from an electrical device. 
ELECTROLYTE: A liquid which provides good elec- 

trical conduction. 

ELECTROMOTIVE FORCE (EMF): The electric 
pressure caused by a flow of electrons from one 
point to another; voltage. 

ELECTROPLATING: Deposition of metallic ions on 
an electrode. 

ELECTRON: A negative subatomic particle having 
a charge of 1.6 x 107 '% coulomb. 

ELECTROSTATICS: The science or study of elec- 
tricity at rest. 

EMT: Electrical metallic tubing. Another name for 
thinwall conduit. 

ENCLOSURE: Housing of device or apparatus protect- 
ing personnel from contact with energized parts. 

ENERGY: The ability to do work. Electrical energy 
is measured in watt-seconds. 

ENTRANCE CAP: A weatherproof, insulated cap for 
terminating the power line connections to a 


building; service head. 

ENTRANCE ELL: A metal box to complete a 90° 
angle with conduit. A cover allows the electrician 
to pull wires through conduit in either direction. 

ENTRANCE, SERVICE: The part of the electrical in- 
stallation from the service drop to the main ser- 
vice panel of fuse or breaker box. 

EQUIPMENT (SERVICE): All the necessary equip- 
ment which constitutes the main control and 
cutoff of the electrical supply to the premises. 

FARAD: Unit of capacitance. 

FEEDERS: A conductor or group of conductors be- 
tween the service equipment and the final branch 
circuit overcurrent device. 

FESTOON LIGHTING: Outdoor string of lights sus- 

pended between points exceeding 15 ft. (4.6 m). 

FISHING: A means of pulling wires through an 
enclosed wall section or conduit by means of a 
single wire or rope. 

FISH TAPE: A flexible wire that can be pushed 
through conduit and around bends. Used to pull 
wire through conduit. 

FITTING: Mechanical accessory, like bushing or 
locknut, of a wiring system. 

FIXTURE STUD: A special fitting used to connect 
a light fixture to an outlet box. 

FLUORESCENT LIGHTING: Light source that pro- 
duces light by the passing of current through a 
gas in a glass (fluorescent light) tube. 

FOOT-CANDLE: A unit of measurement of light; the 
light produced on a surface from a source of one 
candle at a distance to one foot. 

FOUR-WAY SWITCH: A switch used in conjunction 
with three-way switches when control is desired 
at three or more places. 

FUSE: A protective device consisting of an element 
which melts when subjected to high temperature; 
opens an electric circuit during surge of excessive 
current; a current limiting device. 

FUSE, PLUG: Household type fuse having thread- 
ed base or Type S base. Rated at O to 30 amperes 
at 125 volts. 

FUSE, ENCLOSED CARTRIDGE TYPE: Tubular fuse 
with terminal at each end with a casing that in- 
sulates the fusible element and contains the arc. 

FUSE, TIME-DELAY TYPE: Enclosed fuse having a 
time delay on overloads. 

GALVANOMETER: Instrument which measures 
small electric currents. 

GENERATOR: A rotating electric machine to pro- 
vide a large source of electrical energy. A 
generator converts mechanical energy to electric 
energy. 

GFCI: Ground Fault Circuit Interrupter. 

GREENFIELD: A flexible metallic conduit used in the 
connection of electrical power to machinery and 
in applications which require bends of the con- 
duit at various angles. 
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GROUND (EARTH): A conductor which provides 
connection between a circuit and the earth. 
GROUND CLAMP: A mechanical clamping device 

to connect a ground wire or conduit to ground. 

GROUNDED: Refers to the condition of having a 
proper ground. 

GROUND FAULT: Conducting connection, inten- 
tional or accidental, between any conductor of 
an electrical system and the conducting material 
(metal conduit, metal cabinet, etc.) which 
encloses the conductors as well as any conduc- 
tors which are grounded or may become 
grounded. 

GROUNDING ELECTRODE: A conductor placed in 
the earth, providing a connection to a Circuit. 
GROUNDING ELECTRODE CONDUCTOR: A con- 
ductor interconnecting the grounding electrode 

to the neutral bus of the service equipment. 

HEATER: Device (appliances, etc.) used to raise the 
temperature of the surrounding area. 

HENRY: Unit of inductance. 

HERTZ (Hz): Term expressing frequency or cycles 
per second. 

HICKEY: A device used to bend conduit, also, a 
special fitting for attaching light fixtures to outlet 
boxes. 

HORSEPOWER: 33,000 ft.-lbs. of work per minute 
or 550 ft. Ibs. of work per second equals one 
horsepower. Also 746 watts = 1 Hp. 

HOT: Carrying a current; danger of shock. 

IAEI: International Association of Electrical 
Inspectors. 

IBEW: International 
Workers. 

IDENTIFIED: Refers to equipment suitable for a 
specific purpose, application, etc. 

IES: Illuminating Engineering Society. 

IMPEDANCE: The total resistance to the flow of an 
ac current as a result of resistance and reactance. 

INCANDESCENT LAMP: A lamp which gives light 
due to a filament glowing at a white heat. 

INDUCED CURRENT: The current that flows as the 
result of an induced emf. 

INDUCED EMF: Voltage induced in a conductor as 
it moves through a magnetic field. 

INDUCTANCE: The inherent property of an electrical 
Circuit that opposes a change in current. The 
property of a circuit whereby energy may be 
stored in a magnetic field. 

INDUCTION MOTOR: An ac motor operating on the 
principle of a rotating magnetic field produced by 
out-of-phase currents. The rotor has no electrical 
connections, but receives energy by transformer 
action from the field windings. Motor torque is 
developed by the interaction of rotor current and 
the rotating field. 

INSULATION: Materials which are poor conductors 
of electricity and which are used to cover wires 
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and components to prevent short circuits and ac- 
cidenta! shock hazards. 

INSULATORS: Substances containing very few free 
electrons and requiring large amounts of energy 
to break electrons loose from the influence of the 
nucleus. 

INTERRUPTER: A switching device which opens 
and closes a circuit many times per second. 
INTERRUPTING RATING: Highest current that a 
fuse or breaker will permit under ideal or test 

conditions. 

ION: An atom which has lost or gained some elec- 
trons. It may be positive or negative depending 
on the net charge. 

ISOLATED: Not easily accessible; requiring special 
ways of clearance to obtain entry. 

JACKET: The outer nonmetallic coating or cover- 
ing applied over insulated wire or cable. 

JOULE: A watt-second, unit of electric power. 

JOURNEYMAN: A tradesperson who has served his 
or her apprenticeship and is qualified to perform 
the skills of the trade. 

JUMPER: A length of wire used to connect a por- 
tion of the circuit. 

JUNCTION: A point in a circuit where the current 
branches out into other sections. 
JUNCTION BOX: An enclosure for 

connections. 

KILO: Prefix meaning one thousand times. Ten 
kilovolts means ten thousand volts. 

KILOVOLT-AMPERES (kVA): The product of voltage 
and amperage (power), multiplied by 1000. 

KILOWATT: One thousand watts. 

KILOWATT-HOUR: 1000 watts per hour. Common 
unit of measurement of electrical energy for home 
and industrial use. Power is priced by the kWh. 

KIRCHHOFF’S CURRENT LAW: At any junction of 
conductors in a circuit; the algebraic sum of the 
Current is zero. 

KIRCHHOFF’S LAW OF VOLTAGES: In a simple cir- 
cuit, the algebraic sum of the voltages around a 
Circuit is equal to zero. 

KNOCKOUT: Part of an electrical box which can be 
removed easily to allow conduit or cable 
connection. 

LABELED: Equipment or materials to which a label 
or other identifying means has been attached 
which is acceptable to the authority having 
jurisdiction concerning the products use and 
evaluation. 

LINE DROP: The voltage drop due to resistance in 
an electrical conductor. 

LISTED: Equipment or materials included on a 
recognized list indicating that the product meets 
standards or has been tested for a specific use. 

LOADS: All the devices which tax a circuit and use 
electrical energy. 

LUGS: Terminals; terminal places on the ends of a 
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wire or equipment to facilitate rapid connection. 

LUMEN: A unit of measurement for the flow of light. 

MAGNETIC FIELD: Space around a magnet in which 
magnetic forces are detected. 

MAIN: The main circuit which supplies all others; 
main disconnect. 

MASTER: A tradesperson possessing the qualifica- 
tions of a journeyman and also the knowledge of 
the physical laws affecting his/her work and in- 
stallations. An expert in his/her field. 

MASTER SWITCH: A switch which controls the 
operation of several other switches. 

MEGA: Numerical prefix meaning 1,000,000. 
METER, ELECTRICAL: An instrument used to 
measure characteristics of an electric circuit. 
METER, MULTIPLIER: A resistor connected to a 
meter (in series) for purposes of providing greater 

range capacity. 

MHO: Unit of conductance. The reciprocal of the 
ohm. 

MILLIAMMETER: A meter which measures in the 
milliammeter range of currents. 

MILLIAMPERE: One thousandth of an ampere; 1 x 
107? amperes or .001 amperes. 

MILLIVOLT: One thousandth of a volt; 1 x 1073 
volts or .001 volts. 

MOTOR: A rotating device which converts electrical 
energy into mechanical energy. 

MOTOR STARTER: A hand or automatic variable 
resistance box used to limit the current to a motor 
during the time it is increasing to rated speed. As 
speed increases, the resistance is decreased. 

MTW: Machine tool wire. 

MULTIMETER: A combination volt, ampere, and 
ohm meter. VOM. 

NATIONAL ELECTRICAL CODE: A set of rules and 
regulations to be used by the electrician when in- 
stalling electric wiring, appliances and machinery. 

NEGATIVE: A non-positive, below zero value, an 
electric polarity sign indicating an abundance of 
electrons. 

NEMA: National 
Association. 

NETWORK: A series-parallel circuit. 

NEUTRAL: Neither positive or negative. 

NEUTRAL CONDUCTOR: The grounded wire in a 
two wire system; the grounded third wire in a 
three wire system. 

NEUTRAL WIRE: The balance wire in a three wire 
electrical distribution system. The grounded 
conductor. 

NFPA: National Fire Protection Association, spon- 
sor of the National Electrical Code. 

NOMINAL (VOLTAGE): Value assigned to a circuit 
or electrical system to designate its voltage (for 
example, 120/240, 277, 600, etc.). 

NONCONDUCTOR: An insulator: material which 
does not conduct electricity. 


Electrical Manufacturers 


OHM: A unit of electrical resistance. 

OHMMETER: Electrical instrument used to measure 
circuit resistance. 

OHM'S LAW: Electrical circuit law which states that 
the current is proportional to the voltage, but in- 
versely proportional to the resistance, reactance, 
or impedance. 

OSCILLOSCOPE: Instrument which displays ac 
waveforms. 

OSHA: Occupational Safety and Health Act. Law 
passed in 1970 to protect persons in places of 
employment. 

OUTLET: A point at which current may be supplied 
to a load. 

OUTLET BOX: A box, used to terminate a cable or 
conduit. Connections are made in the box. A 
variety of covers and plates are available to close 
the box. 

OVERCURRENT: Current in excess of the rated cur- 
rent of equipment or conductors. 

OVERLOAD: An excessive demand on an electric 
circuit. Usually of brief duration and relatively 
harmless. Caused by temporary surges of current. 

PERMANENT MAGNET: A magnet which retains its 
characteristics for a long period of time. 

PLUG: The end of a conductor which is designed 
to be inserted into an electrical receptacle. 

POLARITY: Current flow direction designation. 

POSITIVE: A non-negative, greater than zero value; 
an area, in an electric circuit, which has a defi- 
ciency of electrons. 

POTENTIAL DIFFERENCE: The amount of work per 
unit charge needed to move the charge between 
points. It is measured in volts and is equivalent 
to joules per coulomb. 

POWER: The rate of doing work. Electric power is 
measured in watts or volt-amperes. 

POWER FACTOR: The relationship between the true 
power and the apparent power of a circuit. 

PRIMARY: The input windings of a transformer. 

PULL BOX: A metal box at a sharp corner in a con- 
duit, to facilitate pulling wires through the 
conduit. 

RACEWAY: A protected runway or enclosure for 
conductors of electricity. A continuous channel 
for holding conductors or cables; conduit, con- 
duit bodies, or cable tray. 

RATING: The maximum operating characteristics 
(volts, amperes, watts, etc.) of a device. 

REACTANCE (symbol X): The opposition to an alter- 
nating current as a result of inductance or 
capacitance. 

RECEPTACLE: Point along an electrical circuit to 
which a cord plug is attached for the purpose of 
using the current supplied by that circuit. 

RECTIFIER: A device with a high resistance on one 
end and a low resistance on the other. 

RELAY: A device in a circuit which activates other 
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parts of the circuit. 

REMOTE-CONTROL CIRCUIT: Electric circuit that 
controls another circuit through relays. 

REPULSION-START: A motor which develops start- 
ing torque by interaction of rotor currents and a 
single-phase stator field. 

RESISTANCE: The opposition to current flow. A 
characteristic of electricity rated in Ohms. 

RESISTOR: A component of an electric circuit which 
opposes current flow. 

RHEOSTAT: A device having a variable resistance 
to current flow. 

RISERS: Wires and cables which run vertically be- 
tween floors of a building. 

ROOT-MEAN-SQUARE: The effective value of an 
alternating current or voltage, RMS. 

SECONDARY WINDING: The coil which receives 
energy from the primary winding by mutual in- 
duction and delivers energy to the load. 

SERIES CIRCUIT: A circuit having a single path for 
current flow. 

SERVICE: All the conductors and equipment for sup- 
plying electrical energy to the dwelling. 

SERVICE DROP: Connecting wires from the power 
lines to the point of entry to building. 

SERVICE ENTRANCE: The associated cables, con- 
duit, boxes and meters used to bring electric 
power from main power line to a building. 

SERVICE LATERAL: Underground service conduc- 
tors extending from street main to service en- 
trance conductors. 

SHORT CIRCUIT: Conducting current, accidental or 
intentional, between any of the conductors of an 
electrical system. This connection may be from 
line to line or line to the neutral (grounded) 
conductor. 

SHUNT: Any parallel connection in a circuit. 

SINE WAVE: A wave form of a single frequency 
alternating current. The graphical representation 
of all points traced by the sine of an angle as the 
angle is rotated through 360 deg. 

SINGLE PHASE: Only one alternating current or 
voltage produced or used. 

SINGLE-POLE SWITCH: A switch which opens and 
closes one side of a circuit only. 

SLIP RINGS: Metal rings connected to rotating ar- 
mature windings in a generator. Brushes sliding 
on these rings provide connections for the exter- 
nal circuit. 

SNAKE: A flexible wire used to push or pull wires 
through a conduit, a partition, or other inaccessi- 
ble place. 

SNM: Special cable designed for use in hazardous 
locations. 

SOCKET: A device for electrical connection of a 
plug, bulb, etc.; slang electrical term. 

SOLDER: An alloy of tin and lead used to bond wires 
electrically. 
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SPLICE: Connection of two or more conductors. 

STATIC ELECTRICITY: Electricity at rest as opposed 
to an electric Current. 

STATOR: The stationary coils of an ac generator. 

STRAND: A single uninsulated conductor. 

STRANDED CONDUCTOR: A conductor of several 
strands of solid wire twisted together. Standard 
cables have 7, 19, or 37 strands. 

SUBSTATION: A station in a power transmission 
system at which electric power is transformed to 
a conveniently used form. The station may con- 
sist of transformers, switches, circuit breakers, 
and other auxiliary equipment. 

SWITCH: A device for opening or closing a connec- 
tion in an electric circuit. 

SYMBOL: Letter or picture representing some part 
of an electric circuit or an electrical device. 
TAP: A method of drawing current from a 

conductor. 

TERMINAL: Point on an electrical device where con- 
nections may be made. 

THERMAL CUTOUT: Overcurrent device which pro- 
tects the circuit during excessive heating 
conditions. 

THERMOPLASTIC: Plastic material which softens 
when heated and hardens when cooled. 

THHN: 90°C, 600 volt wire. 

THREE-WAY SWITCH: A three-termina! switch in 
which a circuit may be switched to either of two 
paths. 

THWN: 75°C, 600 volt wire. 

TORQUE: Forces producing twisting or rotating mo- 
tion. It is measured in foot-pounds. 

TRANSFORMER: A regulatory device which ‘steps 
up” or “steps down” voltage or current for 
transfer purposes. 

UNDERGROUND CABLE: Cable specially designed 
for below-grade installation. Type UF is an 
underground approved cable. 

UNDERWRITERS LABORATORIES, INC.: A labora- 
tory which tests devices and materials for com- 
pliance with the standards of construction and 
performance established by the Laboratory and 
with regards to their suitability for installation in 
accordance with the appropriate standards of the 
National Board of Fire Underwriters. 

VOLT: A unit of electrical pressure (voltage). 

VOLTAGE: The electromotive force or electrical 
pressure along the conductor of a circuit. The 
potential difference between portions of a con- 
ductor is a Circuit. 

VOLTAIC CELL: A cell produced by suspending two 
dissimilar elements in an acid solution. A poten- 
tial difference is developed by chemical action. 

VOLT-AMPERE: The unit of measurement of ap- 
parent power; also the unit of electrical power. 

VOLTMETER: Instrument used to measure voltage 
values. 
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VOM: A common test instrument which combines 
a voltmeter, ohmmeter, and milliammeter in one 
case. 

WATERTIGHT: Constructed so that water or 
moisture is excluded from an enclosure. 

WATT: The unit of electrical power. 

WATT-HOUR: A unit of electrical energy expen- 
diture. It is the equivalent of 1 watt of power 
operating for one hour of time. 

WATT-HOUR METER: A meter which indicates the 
instantaneous rate of power consumption of a 
device or circuit. Used by power companies to 
monitor consumers electrical consumption. 

WATTMETER: An instrument used to measure elec- 
trical power. 

WEATHER-PROOF: Electrical device(s) designed to 
be protected from the weather. 


WESTERN UNION SPLICE: A standard splice made 
by twisting two wires together. 

WIRE: A conductor, bare or insulated. 

WIRING DIAGRAM: A diagram showing electrical 
devices by symbols and their interconnections. 

WORK: The result of energy expenditure. A force 
applied through a distance. 

WYE CONNECTION: A method of connecting three- 
phase alternators and transformers so that the 
end of each coil or winding has a common neutral 
point. The circuit configuration resembles the let- 
ter Y. 

ZERO ADJUST: A mechanical means (dial, screw, 
button, etc.) for setting a meter pointer on the 
zero mark of the meter scale. 

ZERO POTENTIAL: Zero voltage. No electrical 
potential. 
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A 


Acceptability of equipment, 85 
Ac generators, how they work, 12, 13 
Adapting meters to ac measurement, 204, 205 
Alternating current generator, 11, 12 
Ammeter, 201, 202 
Ampacity allowances of insulated copper wire, 28 
Amperage, 15, 16 
Appliance circuits, 107, 108 
Appliance classifications, 154-157 
heaters, 155 
types of heaters, 155-157 
Appliance power consumption, 257 
Appliance wiring and special outlets, 153-160 
general considerations, 153, 154 
Arc fault circuit interrupter (AFC), 50 
Armored cable, 56 
connecting to boxes, 82 
installation, 80-82 
working with, 81 
Attaching boxes, 70, 71 
Attaching conductors to device terminals, 88, 89 


B 


Back-to-back bends, 75 
Balancing circuit loads, 109-112 
bathroom circuits, 110, 112 
overall design, 109, 110 
special outlets, 109 
Barn electrical requirements, 170, 171 
Basic remote-control operation, 179, 180 
Basic telephone system, 218, 219 
Basic tool list, 32 
Basic trigonometry, 254 
Bathroom circuits, balancing circuit loads, 110, 112 
Battery power, 8 
Bending IMC and EMT, specs, 78 
Bending metallic conduit, 72-78 
back-to-back bends, 75 
making the offset bend, 76 
90 degree bend, 73-75 
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offset bend, 75, 76 
right angle bends, 72, 73 
saddle bend, 76, 77 
tools, 72, 73 
Bending nonmetallic conduit, 78 
Blueprints and wiring circuits, reading, 114-130 
Bonding, 47, 240, 241 
Boring and notching for conduit, 71 
Box and conductor installation, 69-83 
Box construction, 59, 60 
handy box, 60 
pull boxes, 60 
types and uses, 60 
Box covers and accessories, 67, 68 
Boxes, attaching, 70, 71 
fittings, and covers, 59-68 
ganging, 61 
nonmetallic, 62, 64 
telephone wiring, 221 
Box extension rings, fittings, 64 
Box fill table, 67 
Box installation, 193-199 
adding a sub-panel, 195, 196 
contact power company, 194, 195 
modernizing service entrances, 194 
surface wiring, 196-199 
Box mounting systems, 61, 62 
Box shapes, 59 
Branch circuit design, 104-107 
plug-in receptacles, 104, 105 
receptacle, 105, 196 
spacing, 106, 107 
split-wiring, 106, 107 
wall switches, 104 
wire capacity, 104 
Branch circuit needs, determining, 110, 111 
Branch circuit planning, lighting, 107 
Branch circuits, planning, 101-113 
types, 101, 102 
Breakers, 211 
Building categories and service drops, 163 
Building construction, electrical remodeling, 189-193 
extending a circuit, 192, 193 
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installing cable, 189, 190 Commercial wiring, finding loads, 161, 162 

using nonmetallic boxes, 191, 192 Commercial wiring, light, 161-164 

using the fish tape, 190, 191 Common electrical symbols, 116 

wall openings, 189, 190 Compression connectors, 91-94 

wiring behind a baseboard, 192, 193 Computing farm power requirements, 170 
Bushings, 66 Conductor allotment, metal boxes, 67 
Business, owning a, 248 Conductor markings, 27 


Conductor properties, 258, 259 
Conductors, 212 
EMT or thin-wall conduit, 53 


Cable and devices, low-voltage, 180-183 intermediate metal conduit, 53 
Cable, armored, 56, 57, 80-82 preparation of, 86-88 

Cable ends, stripping, 81, 82 rigid conduit, 53 

Cable, nonmetallic sheathed, 57 service entrance, 136 


Cable rough-in, 80 splicing, 89, 90 
Cable splicers, 247, 248 Stripping, 86, 87 
types, 52, 53 


Calculating panelboard load, mobile home wiring, 176 
Career categories, 248-250 
Careers, cable splicers, 247, 248 

electrical, 246-251 

electricians, construction, 249, 250 

maintenance electricians, 248 


selecting helpful courses, 250 cutting, 71, 72 
E ma 247 flexible metal (Greenfield), 54, 55 


Circuit breaker, 144, 145 installing flexible metal, 79 
Circuit controllers (switches), 30 liquid-tight flexible metal (LTFM), 55, 56 


Circuit (electrical path), 9, 10 making connections, 79-83 
Circuit fundamentals, 20-22 rigid nonmetallic, 57 
parallel circuit rules, 21 supporting, 78, 79 
parallel circuits, 21 Conduit fill, 54-58 
series circuit, 20, 21 capacity, 58 
series-parallel combination circuits, 21, 22 special notes, 58- 
Circuit guide, general purpose, motors and motor Conduit runs, installing, 71 
circuits, 230 Conduit size, finding, 54 
Circuit loads, balancing, 109-112 Conduit wire allotment, 54 
Circuit protection, 28-30 Connectors and clamps, fittings, 64, 65 
circuit controllers, 30 Continuous ground check, 209 
motors and motor circuits, 229 Control methods, controller requirements, 230, 231 
overloads and short circuits, 28 Controller requirements, control methods, 230, 231 


protective device rating, 28-30 ee ae circuits, 230 
Circuits, appliance, 107, 108 motor duly, 
extending, 192, 193 sample problem, 232 


fixtures, and receptacles, specialized wiring, 215, 216 pa alle ae ie Pa 5 a 253 
general lighting, figuring, 108, 109 onverting fractions to decimals and vice versa, 


improperly connected, 210 Cooking tops and wall mounted cooking units, 159, 160 
Copper wire properties, 259 
low-voltage, 179-186 : ; 
Copper wire, resistance of soft or annealed, 259 
number of, 107 } 
Current capacity emergency systems, 217 
parallel, 9, 10 ; : r 
series, 9 Current-carrying electrical conductors, attaching, 96, 97 
types of, 9, 10 Cutting and sawing tools, 33, 34 


Circuits summary, 22 Cutting conduit, 71, 72 


Circuit wiring for emergency systems, 217 
Code enforcement, 16 


Conductors to device terminals, 
attaching, 88, 89 

Conduit, bending metallic, 72-78 
bending nonmetallic, 78 
boring and notching, 71 


Code rules, L-V, 184-186 D 

Color coding, telephone wiring, 221 Dairy barn, 168 

Commercial service entrance requirements, 147-151 Definitions, branch-circuit selection current, 232 
four-wire, three-phase systems, 148, 149 mobile home wiring, 172-175 
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nameplate data, 227, 228 Electron theory, 7, 8 
rated-load current, 232 electron travel, 7 
Delta four-wire systems, 150, 151 equilibrium, 7, 8 
Determining loads, 103, 104 free electrons, 7 
Devices and outlets, mobile home wiring, 175 Electron travel, 7 
Device wiring, 85-100 Emergency and standby systems, 216, 217 
Diagnosing problems, 208, 209 Emergency power, connection procedures, 217, 218 
continuous ground check, 209 Emergency power equipment, general types, 217 
testing fixtures, 209 Emergency switching location and accessibility, 217 
testing receptacles, 208, 209 Emergency systems, circuit wiring, 217 
testing switches, 209 locations, 216 
Dial light transformer, indoor telephone wiring, 225 maintenance and testing, 217 
Direct current generator, 13, 14 EMT or thin-wall conduit, 53 
Direction of induced current, 11-13 Energy measurement, 22-24 
Dishwashers, 159 Energy measurement, power, 23 
Distribution panelboard, mobile home wiring, 173, 174 Equilibrium, 7, 8 
Distribution panel hookup, mobile home wiring, 175, 176 Equipment acceptability, 85 
Drilling tools, 36, 37 . Equipment grounding, 48 
Duplex receptacles, 95, 96, 120-122 Equipment testing agencies, 16, 17 
E F 
Effects of electrical shock, 42 Farm equipment, wiring, 165, 166 
Electrical careers, 246-251 Farm power requirements, computing, 170 
Electrical circuit components, 25-31 Farm wiring, 165-171 
Electrical circuit theory, 19-24 grounding, 166, 167 
Electrical codes and safety standards, 16 locating lights, 168, 169 
Electrical connections, 85 power distribution, 165-171 
Electrical energy consumers, 30, 31 running cable or conduit, 168 
Electrical energy fundamentals, 7-18 special devices, 167-171 
Electrical energy, sources of, 8 Fastening tools, 35, 36 
Electrical meters, 200-206 Feeder assembly, mobile home wiring, 174, 175 
Electrical nonmetallic tubing (ENT), 57 Fill allotment, 66, 67 
Electrical remodeling, 187-199 Finding loads, light commercial wiring, 161, 162 
basic considerations, 187 Finding percentage, 247 
building construction, 189-193 Finishing, 85 
materials, 188, 189 Fish tape, building construction, 190, 191 
safety, 187 Fittings, 63-66 
special tools, 187, 188 box extension rings, 64 
Electrical requirements, barn, 170, 171 bushings, 66 
Electrical resistance, 19 connectors and clamps, 64, 65 
length and thickness, 19 ground clip or screw, 66 
nature of the material, 19 rigid conduit bodies, 65 
Electrical shock, effects, 42 Fixtures, mounting, 98, 99 
Electrical symbols, 116, 117 Fixtures, dry-niche, 243, 244 
Electrical troubleshooting, 207-211 Fixtures, wet-niche, 243, 244 
breakers, 211 Fixture wiring, 96, 98 
diagnosing problems, 208, 209 Flexible metal conduit (Greenfield), 54, 55 
fuses, 210, 211 Fluorescent lighting, 128, 129 
overloaded neutrals, 209, 210 Formula organization, 248 
unbalanced currents, 209, 210 Four-way switches, 125-127 
Electric current, types of, 7 Four-wire, three-phase systems, 148, 149 
Electricians, construction, careers, 250 Frame number, motor nameplate, 228 
Electric motors, 15 Free electrons, 7 
Electric motors, general provisions, 160 Fuses, 145, 210, 211 


Electric power, transmission of, 14, 15 
Electromagnetic induction, 10, 11 
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G 


Galvanometer, 201 

Ganging boxes, 61 

Garbage disposal unit, 159 

General layout, motors and motor circuits, 230 

General lighting, circuits, figuring, 108, 109 

General lighting, finding load, 162 

General purpose circuit guide, motors and motor 
circuits, 230 

Generator power, 8 

Generators and alternators, 11-14 

Glossary of terms, 274 

Ground clip or screw, 66 


Ground fault circuit interrupters (GFCI), 48-50, 129 


how they work, 49, 50 
Grounding, 43 
conductor, 142 
electrode conductor, sizing, 142 
equipment, 48 
essentials, 40-51 
farm wiring, 166, 167 
remodeled systems, 196 
swimming pool, 241 
system, 44-47 
theory, 43-47 
Grounding the receptacle, 120, 121 


H 


Handy box, 60 
Heater circuits, 157, 158 
Heater circuits, water heaters, 157, 158 
Heater installation, 155 
Heaters, 155 
baseboard units, 157 
floor units, 156 
types, 155-157 
wall units, 156 
Heating, air conditioning and water heating, 
finding load, 162 
Hog barn, sheep house, horse barn, 169 
House loads, 164 


Identification for safety, 86 
Indoor telephone wiring, installing, 222-225 
Induced current, direction of, 11-13 
Information, careers in electrical trades, 246-251 
Inspection, permits, and licensing, 16 
Installation rules, lighting fixtures, 107 
Installing boxes and conductors, 69-83 
locating boxes, 69, 70 
planning the rough-in, 69 
Installing cable, building construction, 189, 190 
Installing conduit runs, 71 
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Installing flexible metal conduit, 79 
Installing remote control systems, 183, 184 
Insulation color, 27 

Insulation systems for small motors, 234 
Insulators, 138, 139 

Intermediate metal conduit, 53 


J 


Joining wire, other methods, 91 
Junction boxes, 119 


K 
Knockouts and pryouts, 60, 61 


L 


Ladder safety, 41 
Legally required standby systems, 217 
Light commercial wiring, 161-164 
Lighting, 107 
Lighting, underwater, 242 
Lighting, show window, finding load, 162 
Lighting swimming pool, 242-244 
Lighting fixture installation rules, 107 
Line installers and repairers, 247 
Liquid-tight flexible metal conduit (LTFMC), 55, 56 
Load determination, 103, 104 
Loads, 10 
Locating boxes, standard box heights, 70 
Locating lights, farm wiring, 168, 169 
Low-voltage cable and devices, 180-183 
Low-voltage circuits, 179-186 

application, 180 

power-limited, 180 

remote-control, 180 

signaling, 180 

types, 180 

wiring advantages, 180 
Low-voltage switch, 181, 182 
Low-voltage symbols, 184 
Low-voltage wiring advantages, 180 
L-V code rules, 184-186 


M 


Main disconnect and service panel, 140 

Main disconnect switch, 140 

Main service entrance conductors, 164 

Maintenance and testing emergency and standby 
systems, 217 

Maintenance electricians, 247 

Makeup of a receptacle, 95 

Making conduit connections, 79-83 
pulling wire, 79 


using the fish tape, 79, 80 
Making the 90 degree bend, 73-75 
Master switch, low-voltage cable and devices, 182, 183 
Materials, electrical remodeling, 188, 189 
Math review, 253-255 
basic trigonometry, 254 
circle area and circumference, 254 
converting fraction to percentages, 253 
converting fractions to decimals and vice versa, 253 
finding percentage, 253 
formula organization, 254 
rectangle, area, square area, and circumference, 254 
Maximum number of outlets, 102, 103 
Measuring electricity, 15, 16 
amperage, 15, 16 
resistance/ohms, 16 
voltage, 16 
wattage, 16 
Measuring tools, 37 
Mechanical considerations, 85 
Meter care, 205 
Meter design, 200, 201 
Meter enclosure, 138 
Meter function, 201 
Meters, adapting to ac measurement, 204, 205 
ammeter, 201, 202 
electrical, 200-206 
galvanometer, 201 
multimeter, 203, 204 
ohmmeter, 202, 203 
types, 201-204 
voltmeter, 202 
Miscellaneous tools, 37-39 
Mobile home distribution panelboard, 172, 173 
calculating load, 176 
Mobile home feeder assembly, 172, 174 
Mobile home hookup, 178 
Mobile home parks, 176, 177 
Mobile home service equipment, 175 
Mobile home service lateral, 175 
Mobile home wiring, 172-178 
Motor branch circuit, 230 
Motor failure, bearings, 235 
causes, 234, 235 
connecting to load, 235 
moisture, 235 
mounting, 235 
overheating, 234, 235 
starting mechanism, 235 
Motor feeder conductors, size and protection, 229 
Motor installation tips, 234, 235 
Motor nameplate, 227, 228 
frame number, 228 
proper operation factors, 228 
Motors and motor circuits, 227-239 
Motor service operations, 236, 237, 239 
Motors, service and repair, 235-239 
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Mounting fixtures, 98, 99 
Mounting, motor failure, 235 
Multimeter, 203, 204 
Multiphase systems, 146, 147 


N 


Nameplate data definitions, 227, 228 

NEC rules, swimming pools, 240-244 

Nonmetallic boxes, 62, 64 

Nonmetallic boxes, building construction, 191, 192 

Nonmetallic cable (NM, NMC), preparing, 82, 83 
working with, 82, 83 

Nonmetallic sheathed cable, 56, 57 

Number of circuits, planning branch circuits, 107 


O 


Obsolete wiring, 101 

Occupational Safety and Health Act (OSHA), 17 
Offset bend, 75, 76 

Offset bend, making, 76 

Ohmmeter, 202, 203 

Optional standby power, 217, 218 

Operation factors, proper, 228 

Operation of equipment, telephone wiring, 220 
Outbuildings, farm wiring, 169 

Outdoor wiring procedures, 129, 130 

Outlets, maximum number, 102, 103 

Overall design, balancing circuit loads, 109, 110 
Overcurrent protection, 144, 145 

Overhead installation, mobile home wiring, 175 
Overloaded neutrals and unbalanced currents, 209, 210 
Overloads and short circuits, 28 

Owning a business, 248-250 


p 


Parallel circuit, 9, 10, 21 

Parallel circuit rules, 21 

Phase concept, service ratings, 146 

Phone wiring plan, installing indoor telephone wiring, 
222-224 

Pilot switches, 125, 127, 128 

Planning branch circuits, 101-113 

Pliers, 35 

Plug-in receptacles, 104, 105 

Plug receptacle configurations, 260, 261 

Polarity in electrical wiring, 119 

Polarity wiring, reasons for, 119 

Pole transformer 131 

Poultry house, farm wiring, 169 

Power, 23 

Power circuit and terminal identification, 264 

Power company contact, box installations, 194, 195 

Power company wires, 134, 135 
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Power distribution, farm wiring, 165-171 
Power-limited circuits, 180 
Preparation of conductors, 86-88 

stripping, 86, 87 

using stripping knife, 87 

using wire stripper, 88 
Problem diagnosing, 208, 209 
Protective devices, 28 
Protective device rating, 28-30 
Pull boxes, 60 
Pull-chain fixture, 119, 120 
Pulling wires, 54, 79 


R 


Reading blueprints and wiring circuits, 114-130 
Receptacles, duplex, 95, 96 
location, 105, 106 
makeup of, 95 
making the ground, 96 
split-wired, 96-98 
swimming pool, 241 
wiring, 95 
Refrigerator and freezers, 159 
Relays, low-voltage cable and devices, 180, 181 
Remote control circuits, 180 
Remote control operation, basic, 179, 180 
Remote control systems, installing, 183, 184 
Repairing and troubleshooting, indoor telephone wiring, 
225, 226 
Resistance/ohms, 16 
Retail store, small, finding load, 161, 162 
Rigid conduit, 53 
Rigid conduit bodies, 65 
Rigid nonmetallic conduit, 57 
Room air-conditioner units, 159 
Rough-in, planning, 69 
Rules for computing areas and volumes of different 
shapes, 265 
Running cable or conduit, farm wiring, 168 


S 


Saddle bend, 76, 77 
Saddle bend, making, 76-78 
Safety and grounding essentials, 40-51 
Safety, electrical remodeling, 187 

ladder, 41 

scaffolding, 41 

telephone wiring, 220 
Safety considerations, electrical troubleshooting, 207 
Safety during installation, 40, 41 
Scaffolding safety, 41 
Sealed hermetic motor, 231, 232 
Selecting helpful courses, careers, 250 
Selecting the proper size disconnect, 232 
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Series circuit, 9, 20, 21 
Series-parallel combination circuits, 21, 22 
Service and repair of motors, 235-239 
Service clearances, 142-144 
Service completion, 142, 144 
Service conductors, sizing, 136 
Service designation, 147, 148 
Service drop mast and insulator, 137-140 
Service drop, small multifamily dwelling, 162 
Service drop, yard pole, 166 
Service entrance, 131-151 

components, 131, 132 

conductors, 136 

modernizing, 194 

requirements, commercial, 147-151 
Service grounding, 141, 142 
Service head, 137 
Service lateral, mobile home wiring, 175 
Service load, 162 

multiple occupancies, 163, 164 

power company wires, 134, 135 
Service location, 132-134 
Service panel main disconnect, 140, 141 
Service ratings, 145, 146 
Service supplies and fittings, 144 
Shock victim, helping, 42, 43 
Show window lighting, finding load, 162 
Signaling circuits, 180, 212 
Single and three-phase electricity, 13, 14 
Single-phase connections, 148, 150 
Size and protection of motor feeder conductors, 229 
Sizing circuit components for combination load, 232 

step-by-step method, 232, 233 
Sizing grounding electrode conductor, 142 
Small appliance circuits, figuring number of, 109 
Small motors, insulation systems, 234 
Small multifamily dwellings, 162 
Soldering technique, proper, 91 
Soldering tools, 37 
Sources of electrical energy, 8 
Sources of electrical energy, battery power, 8 
Sources of electrical power, generator power, 8 
Spacing, branch circuit design, 106, 107 
Special devices, farm wiring, 167-171 
Specialized wiring, 212-226 

additional considerations, 215 

garages and outbuildings, 215, 216 
Special outlets, 109 

and appliance wiring, 153-160 

units, 160 
Special tools, electrical remodeling, 187, 188 
Specs for bending IMC and EMT, 78 
Splicing conductors, 89, 90 

compression conductors, 91 

other methods of joining wire, 91 

proper soldering technique, 91 

Western Union splice, 90 


Split-wired receptacles, 96-98, 122, 123, 125 
Split-wiring, 106, 107 
Standby power, optional, 217, 218 
Standard box heights, 70 
Standardized symbols, 116, 117 
State and local codes, 16, 17 
code enforcement, 16 
equipment testing agencies, 16, 17 
inspection, permits, and licensing, 16 


Straight blade electric receptacle wiring configurations, 


262, 263 
Striking tools, 33 
Stripping cable ends, 81, 82 
Stripping conductors, 86, 87 
Stripping knife, using, 87 
Sub-panel addition, box installations, 195, 196 
Sub-panel power source, specialized wiring, 216 
Supporting conduit, 78, 79 
Surface wiring, box installations, 196-199 
Swimming pool, wiring, 240-244 
Switch wiring, 94, 95 
Symbols, low-voltage, 184 
System ground, how it works, 48 
System grounding, 44-47 


T 


Tables, copper wire properties, 259 
temperature conversion, 258 
voltage drop, 258 

Tap joint connector, 139 

Technical information, 256-273 

Telephone system, basic, 218, 219 

Telephone wiring, 218-222 
boxes, 221 
color codes, 221 
indoor, concealing surface wiring, 224, 225 
indoor, dial light transformer, 225 
indoor, new construction, 223, 224 
indoor, old work, 224 
indoor, repairing and troubleshooting, 225, 226 
installing indoor, 222-225 
material and tools, 220-222 
safety, 220 
terminal blocks, 221 
tools, 222, 223 
wall plates, 221, 222 
wire types, 220, 221 

Temperature conversion table, 258 

Temperature, electrical resistance, 20 

Temporary wiring, 41, 42 

Terminal blocks, telephone wiring, 221 

Testing fixtures, 209 

Testing receptacles, 208, 209 

Testing switches, 209 

Three-way switches, 124, 125 

Tools, cutting and sawing, 33, 34 
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drilling, 36, 37 

electrician, 32-39 

essential, 32, 39 

fastening, 35, 36 

for bending metallic conduit, 72, 73 

measuring, 37 

miscellaneous, 37-39 

pliers, 35 

soldering, 37 

striking, 33 

telephone wiring, 222, 223 

wire and cable cutters, 34, 35 
Training, informal, 250 
Training, other qualifications, and advancement, 

250, 252 
Transformer, 212 

hazardous locations, 213, 214 

low-voltage cable and devices, 180 

operation, 146, 147 

principles, 14, 15 

rule, 147 

wiring of hazardous locations, 214, 215 
Transmission and distribution electricians, 247, 248 
Transmission of electric power, 14, 15 

transformer principles, 14, 15 
Trigonometry, basics, 254 
Troubleshooting tools, 207, 208 
Types of branch circuits, 101, 102 
Types of circuits, 9, 10 
Types of electric current, 8 
Types of meters, 201-204 


U 


Unbalanced currents, 209, 210 
Underwater lighting, 242 
Using the fish tape, 79, 80 


V 


Voltage drop, motors and motor circuits, 228, 229 
Voltage drop table, 258 
Voltmeter, 202 


W 


Wall plates, telephone wiring, 221, 222 

Wall openings, building construction, 189, 190 
Wall switches, 104 

Water heaters, 157, 158 

Wattage, 16 

Watt/hour meter, 205 

Wattmeter and watt/hour meter, 204, 205 
Weatherproof connectors, 138, 139 

Western Union splice, 90 

Where to locate service, 133, 134 


Wire and cable cutters, 34, 35 
Wire capacity, 104 
Wire coverings (insulation), 26, 27 
Wire sizes, 25-27 
Wire sizes, voltage drop, 26 
Wire stripper, using, 88 
Wire types, telephone wiring, 220, 221 
Wiring behind a baseboard, 192, 193 
Wiring circuits, 117-130 
duplex receptacles, 120-122 
four-way switches, 125-127 
ground fault circuit interrupters, 129 
junction boxes, 119 
outdoor wiring procedures, 129, 130 
pilot switches, 125, 127, 128 
polarity in electrical wiring, 119 
pull-chain fixture, 119, 120 
reading, 114-130 
reasons for polarity wiring, 119 
split-wired receptacles, 122, 123, 125 
three-way switches, 124, 125 
Wiring, devices, and fixtures, 85-100 
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fixtures, 96, 98 
low-voltage, 180 
mobile home, 172-178 
obsolete, 101 
receptacles, 95 
specialized, 212-226 
telephone, 218-222 
Wiring methods, 85, 86 
electrical connections, 85 
identification for safety, 86 
mechanical considerations, 85 
working spaces, 85, 86 
Wiring switches, 94, 95 
receptacles and lamps, 94-96 
Wiring systems, 52-58 
types of conductors, 52, 53 
Working clearances, 85, 86 
Working with nonmetallic cable (NM, NMC), 82, 83 


Y 
Yard pole service drop, 166, 167 
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